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Preface 
 
This thesis has been written with the intention of publishing all data-based chapters 
(Chapters 2 to 5).  Consequently, each has benefited considerably from the comments 
and ideas of my supervisor, Andrew Bennett.  Two of these chapters have been 
published. 
 
Chapter 2 has been published as: 
Haslem, A., and A. F. Bennett (2008). Birds in agricultural mosaics: the influence of 
landscape pattern and countryside heterogeneity. Ecological Applications 18:185-
196. 
 
Chapter 4 has been published as: 
Haslem, A., and A. F. Bennett (2008). Countryside elements and the conservation of 
birds in agricultural environments. Agriculture, Ecosystems and Environment 
125:191-203. 
 
As these chapters have been written as self-contained manuscripts, there is some 
overlap between them.  However, all are presented in full in this thesis so readers do 
not have to refer back to previous sections as they read each chapter.  The references 
cited in each have been compiled and are listed together at the end of the thesis.   
 
While undertaking this research, I contributed to a paper that is relevant to some of 
the central themes in the current study.  This paper is included as an Appendix to this 
thesis: 
 
Bennett, A. F., J. Q. Radford, and A. Haslem. 2006. Properties of land mosaics: 
implications for nature conservation in agricultural environments. Biological 
Conservation 133:250-264. 
 
This research was undertaken in accordance with Deakin University Ethics Permit 
A35/2005 and DSE Research Permit 10002837. 
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Abstract 
 
Agricultural environments are critical to the conservation of biota throughout the world.  
This is due both to the limited extent of current reserve systems and the large, and still 
expanding, proportion of terrestrial environments already dominated by agricultural 
land-uses.  Consequently, there is a growing call from scientists around the world for 
the need to maximise the conservation value of agricultural environments. 
 
Efforts to identify key influences on the conservation status of fauna in agricultural 
landscapes have taken complementary approaches.  Many studies have focussed on 
the role of remnant or semi-natural vegetation, and emphasised the influence on biota 
of spatial patterns in the landscape.  Others have recognised that many species use 
diverse ‘countryside’ elements (matrix habitats) within farmland, and emphasise the 
benefits of landscape heterogeneity for conservation.  Here, these research themes 
have been combined.  This study takes a whole-of-landscape approach to 
investigating how landscape pattern and countryside heterogeneity influence the 
occurrence of birds in agricultural environments. 
 
Birds were sampled in 27 agricultural mosaics, each 1 km x 1 km in size (100 ha), in 
Gippsland, south-eastern Australia.  Mosaics were selected to incorporate variation in 
two landscape properties: the cover of native vegetation, and richness of different 
types of element (i.e. land-uses/vegetation types).  In each mosaic, 15 fixed sampling 
locations were stratified among seven different elements in proportion to their cover in 
the mosaic: native vegetation, linear vegetation, tree plantation, scattered paddock 
trees, pasture, wetlands and farm dams.  Six point counts of birds were undertaken at 
all sample points in each mosaic: three each in the breeding and non-breeding 
months of a one-year period (October 2004 – August 2005).     
 
Independent measures of the composition, configuration, and heterogeneity of 
elements in the mosaic had differing effects on the richness of bird species recorded 
 in these same mosaics.  Sub-groups of birds based on habitat requirements 
responded most strongly to the extent of preferred element types in mosaics.  
Woodland birds (those of greatest conservation concern in farmland environments in 
Australia) were richer in mosaics with higher cover of native vegetation while open-
tolerant species responded to the extent of scattered trees.  In contrast, for total 
species richness, mosaic heterogeneity (richness of element types) and landscape 
context (cover of native vegetation in surrounding area) had the greatest influence. 
 
Mosaic structural properties also influenced the composition of entire bird 
assemblages in study mosaics.  Avifaunal composition showed systematic variation 
along two main gradients which were readily interpreted in relation to landscape 
properties: 1) a gradient in the cover of wooded vegetation and, 2) the proportional 
composition of vegetation types in the mosaic.  These gradients represent common 
trajectories of landscape modification associated with agricultural development: 
namely, the removal of wooded vegetation and the replacement of native species with 
exotic vegetation (e.g. crops and plantations).  Species possessing different 
characteristics in relation to three avian life-history traits (nest type, feeding guild and 
clutch size) varied significantly in their position along these gradients of landscape 
modification.  Species with different nesting requirements showed a strong 
relationship with the gradient in wooded vegetation cover while species belonging to 
different feeding guilds were influenced by the gradient defined by the replacement of 
native vegetation with exotic species.  
 
More bird species were recorded in native vegetation than in any other type of 
element sampled in this study.  Nevertheless, most countryside elements had value 
for many species; particularly structurally complex elements such as scattered trees 
and tree plantation.  Further, each type of landscape element contained different bird 
assemblages.  Species that were recorded in a greater number of different types of 
landscape element were also recorded in more mosaics.  This was true for all species 
and for woodland birds, and indicates that species that can use a greater range of 
xvi 
 countryside elements may have an increased tolerance of future landscape 
modification.  The richness of woodland species at survey sites in different elements 
was influenced by features of the mosaic in which they occurred.  Notably, the 
richness of woodland bird species recorded at sites in scattered trees and pasture 
increased with a greater cover of native vegetation in the overall mosaic.   
 
Of the overall pool of woodland bird species documented in the broader study region, 
35% of species were not recorded in the agricultural mosaics sampled here.  While 
many of these species were uncommon in the study area, or were associated with 
vegetation communities infrequently sampled in mosaics, this shows that conservation 
efforts in agricultural landscapes will not be appropriate for all species.  For those 
woodland species that were recorded, measures of the extent of wooded vegetation 
cover had a strong, positive influence on the frequency of occurrence of individual 
species in mosaics.  Thus, individual species of woodland bird occurred more 
frequently in mosaics with a greater cover of wooded vegetation.  Nine woodland 
species showed a stronger response to measures of vegetation cover that included 
tree plantation and/or scattered trees than to the cover of native vegetation alone.  For 
these species, structurally complex countryside elements provide valuable 
supplementary habitat at the landscape scale.   
   
Results of this study show that landscape properties influence the occurrence of birds 
in agricultural mosaics.  The extent of cover of element types, particularly native 
vegetation, had the strongest influence on all measures of bird occurrence in mosaics.  
Thus, native vegetation is vital for the persistence of birds in farmland landscapes and 
is the primary element on which conservation efforts in these environments depend.  
Nevertheless, with careful management, countryside elements may provide additional 
conservation benefits for many bird species.  Countryside elements made an 
important contribution to landscape heterogeneity, the landscape property with 
greatest influence on overall bird richness in mosaics.  Countryside elements also 
increased the structural complexity of cleared agricultural land, and so have the 
xvii 
 xviii 
capacity to enhance connectivity in fragmented landscapes.  A focus on these factors 
(landscape heterogeneity and structural complexity) will provide the greatest 
opportunities for using countryside elements to increase the conservation value of 
farmland environments for native fauna.  The relatively small scale of this study 
indicates that the cumulative effect of even small elements in farm mosaics 
contributes to the structural properties of entire landscapes.  Critically, this 
emphasises the important contribution that individual landholders can make to nature 
conservation in agricultural environments. 
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Chapter 1 
 
Introduction and thesis overview 
 
 
 
 
 
 
Andrew Bennett 
An agricultural landscape in Victoria, Australia 
Chapter 1 - Introduction 
 
2 
1.1  Agricultural landscapes and nature conservation 
 
Meeting the increased food and fibre requirements of the growing human population, 
on a global scale, has resulted in the widespread conversion of natural environments 
to those dominated by agricultural activities.  Agricultural landscapes are 
characterised by a reduced cover of naturally occurring vegetation as well as an 
increased fragmentation of the native vegetation that remains.  While such habitat loss 
and fragmentation is often cited as one of the primary threats to biodiversity worldwide 
(Wilcox and Murphy 1985, Green et al. 2005), there is a growing realisation that 
modified landscapes can make a valuable contribution to nature conservation (Daily 
2001, Lindenmayer and Franklin 2002, Vandermeer and Perfecto 2007).  In fact, 
agricultural landscapes must necessarily play a key role in conservation management 
as it is increasingly apparent that current reserve systems will be insufficient to 
conserve all remaining biota into the future (Wiens 1995b, Brooks et al. 2004, Fischer 
et al. 2006).  Further, global forecasts indicate that the substantial area of land already 
dedicated to agricultural production will increase dramatically in the coming decades 
(Tilman et al. 2001).  These factors all highlight the pressing need to maximise the 
contribution that agricultural landscapes can make to the conservation of native 
biodiversity. 
 
An important feature of most agricultural landscapes is that they are a mosaic of 
different types of elements (i.e. vegetation types or distinct land-uses).  Patches and 
strips of natural or semi-natural vegetation are often interspersed amongst the range 
of modified elements that comprise the production zone (Fuller et al. 1997, Berg 2002, 
Harvey et al. 2006) (Fig. 1.1).  When investigating the fauna of these landscapes, 
research has often concentrated either on the natural elements, or on the more 
modified elements, within them.  Studies focussing on the role of remnant, or semi-
natural, vegetation in production-oriented landscapes emphasise the strong influence 
on fauna of the spatial pattern of this vegetation in the landscape.  For example, the 
degree of connectivity between patches of vegetation is an important influence on the  
Chapter 1 - Introduction 
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Fig. 1.1.  Agricultural landscapes around the world, including, clockwise from top left: 
Australia, Switzerland, Wales and France.   
 
occurrence, and long-term persistence, of faunal populations in these patches (Fahrig 
and Merriam 1985, Taylor et al. 1993).  In contrast, research undertaken in the more 
modified elements of agricultural landscapes has identified that many species use a 
diverse range of countryside elements within farmland, highlighting the importance of 
landscape heterogeneity.  Many farmland birds in the UK, for example, use 
hedgerows for nesting and roosting but feed in field margins and cropped areas 
(Gregory and Baillie 1998, Hinsley and Bellamy 2000, Vickery et al. 2002).  These 
approaches are underpinned by different research paradigms and reveal the range of 
factors influencing the status of fauna in agricultural landscapes.  They have both 
informed management seeking to enhance the conservation value of these 
environments. 
 
3 
Chapter 1 - Introduction 
1.1.1  The importance of native vegetation in agricultural landscapes 
MacArthur and Wilson’s (1963) theory of island biogeography has underpinned a large 
body of research into the fauna of agricultural environments (Andrén 1994, McGarigal 
and McComb 1995, Haila 2002, Kupfer et al. 2006).  This paradigm has provided a 
useful framework for conceptualising the effects of habitat fragmentation on the fauna 
of these landscapes as, similar to oceans surrounding islands in the original theory, 
the modified areas that dominate agricultural environments often provide poor quality 
habitat for many species.  As a consequence, agricultural landscapes have often been 
viewed as having islands of ‘habitat’ (i.e. native vegetation) contained within a sea of 
‘non-habitat’ (i.e. the modified ‘matrix’).  Little attention has been given to the elements 
that comprise the non-habitat areas of these environments, aside from considering 
them a source of disturbance or a barrier to animal movements.  Studies of the 
occurrence of species in patches of native vegetation of varying size, shape and 
isolation provide good examples of research based on the ‘habitat fragmentation’ 
paradigm (e.g. Freemark and Merriam 1986, Laurance 1991, Renjifo 1999). 
 
Much habitat fragmentation research has consequently been patch-centric in its 
approach to understanding the factors that affect the occurrence of species in 
agricultural landscapes.  Furthermore, these studies have often investigated individual 
patches of native vegetation in isolation from each other.  Research into the structure 
and dynamics of metapopulations have taken a broader view, however, by 
investigating the biotic links between groups of vegetation patches (e.g. Opdam 1991, 
Moilanen and Hanski 1998, Szacki 1999).  More recently, the scale of habitat 
fragmentation research has expanded further with a growing number of studies 
identifying that the spatial pattern of native vegetation across the whole landscape 
affects the biota of fragmented systems.  Such landscape patterns often affect fauna 
over and above the influence of characteristics of individual patches, such as internal 
habitat type or patch size (Saab 1999, Bennett et al. 2006). 
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The amount of native vegetation in the landscape commonly has the strongest 
influence on the fauna of agricultural environments (Bennett and Ford 1997, Trzcinski 
et al. 1999, Guerry and Hunter 2002, Steffan-Dewenter 2003, Westphal et al. 2003, 
Radford et al. 2005).  As with the oceanic islands in the theory of island biogeography, 
the importance of native vegetation cover at the landscape level can be explained by 
the species-area relationship.  For example, more forest birds will be able to obtain 
the resources they need, and thus potentially sustain viable populations, in 
landscapes that contain a greater amount of forest vegetation.  Despite often having 
less influence than vegetation cover, the spatial arrangement of native vegetation in 
agricultural landscapes also affects the occurrence of species (Villard et al. 1999, 
Radford et al. 2005).  Measures of the spatial configuration of native vegetation in the 
landscape describe the level of fragmentation of this vegetation and, as such, are 
likely to have a particularly strong effect on species that utilise more than one patch to 
fulfil their resource requirements (e.g. Law and Dickman 1998) and, at larger scales, 
will influence the persistence of viable metapopulations. 
 
There is often a high level of intercorrelation between the amount and the 
fragmentation of native vegetation in agricultural landscapes (Fahrig 1997, 2003).  
This is because the process of vegetation clearing typically involves the breaking 
apart of remaining vegetation.  Thus, landscapes that have a lower cover of remnant 
vegetation are often also more fragmented.  To identify which of these properties has 
the stronger influence on fauna in agricultural landscapes, care must be taken to 
ensure the measures used to describe each of them are independent.  
 
1.1.2  The role of countryside elements in agricultural landscapes 
In contrast to research based on the habitat fragmentation paradigm, studies of the 
countryside elements in agricultural environments have focussed on the ‘non-habitat’ 
areas in these landscapes.  Often referred to as ‘matrix’ habitats, these non-habitat 
elements collectively form the dominant land-use in agricultural landscapes (Forman 
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1995).  In this thesis, the term ‘countryside’ (following Daily 2001) is used in place of 
‘matrix’ in order to promote a greater appreciation and understanding of the potential 
value of the modified elements in agricultural landscapes.  Countryside elements 
include areas of pasture, crop and plantation as well as gardens and other small 
patches of residual, shrubby and remnant vegetation: in short, all elements in which 
ecosystem qualities are strongly affected by people (Daily 2001, Daily et al. 2001).  
Thus, in agricultural landscapes where anthropogenic disturbances are highly 
pervasive, there will be some overlap between the elements classified as countryside 
and those considered to be natural or semi-natural.  This is discussed further below. 
 
Countryside biogeography research has investigated the value of countryside 
elements to species that live and breed within them and also to species that are 
primarily associated with native vegetation.  Studies focussing on farmland species 
have mostly been undertaken in the cultural landscapes of western Europe.  
Landscapes in this part of the world have been modified by agricultural activities for 
millennia and so many native species are well adapted to the habitats and resources 
provided by countryside elements such as hedgerows, field margins and crops (Fuller 
et al. 1997, Gregory and Baillie 1998, Sutherland 2004).  Nevertheless, the rapid and 
dramatic intensification of agricultural practices over the last 60 years has resulted in 
the widespread decline of many farmland birds in the UK (Benton et al. 2003).  A key 
factor influencing the faunal assemblages of these cultural landscapes is the 
heterogeneity of element types in the landscape (Böhning-Gaese 1997, Benton et al. 
2003, Herzon and O'Hara 2007).  The importance of heterogeneity at the landscape 
level is related to the fact that heterogeneous landscapes contain a greater number of 
different element types, and thus provide resources for species with a diverse range of 
habitat requirements (Tews et al. 2004). 
 
Studies undertaken in Central and North America have often focussed on the use of 
countryside elements by species that are associated with native vegetation.  In these 
countries, agricultural development has been a relatively recent phenomenon and 
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most native species that inhabit these modified landscapes rely on patches of native 
vegetation to fulfil their foraging and breeding requirements (Hughes et al. 2002, 
Sutherland 2004).  Nonetheless, the potential conservation value of countryside 
elements such as shade coffee plantations, fallow fields and fencerows has been 
recognised (Yahner 1983, Best et al. 1995, Petit and Petit 2003, Söderström et al. 
2003, Harvey et al. 2006).  A key factor influencing the value of these elements for 
species dependent on native vegetation is their structural complexity (Petit et al. 1999, 
Daily et al. 2001).  Similarly in Australia, research into the use by fauna of countryside 
elements such as linear vegetation and scattered paddock trees has highlighted the 
important role of structural complexity (Leach and Recher 1993, Fischer et al. 2005).  
Such research is often more strongly aligned with the habitat fragmentation paradigm 
as these elements are also seen to belong to the suite of more natural element types 
in agricultural landscapes.       
 
Countryside biogeography research has highlighted the range of important functions 
that countryside elements perform at the patch and landscape level in agricultural 
environments.  Hence, these elements are an integral component of modified 
landscapes.  First, countryside elements can reduce the effects of fragmentation on 
fauna by facilitating the movement of individuals between patches of suitable habitat 
and by moderating the abiotic conditions in these same patches (Saunders et al. 
1991, Franklin 1993, Ricketts 2001, Fischer and Lindenmayer 2002b).  Both these 
functions mean that these modified elements have the potential to ‘soften the matrix’ 
for many species in agricultural landscapes (Manning et al. 2006).  Second, 
countryside elements provide a range of important resources in their own right 
(Renjifo 2001, Fischer et al. 2005, Sekercioglu et al. 2007).  Last, they increase the 
overall heterogeneity of agricultural environments (Benton et al. 2003, Fischer et al. 
2005, Harvey et al. 2006). 
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1.1.3  A mosaic approach to nature conservation in agricultural landscapes 
Research into the natural elements, and the countryside elements, of agricultural 
landscapes provide alternate, yet complementary, insights into the potential 
contribution of these environments to nature conservation.  Greatest progress towards 
enhancing the conservation value of agricultural landscapes will be made, however, 
by combining these approaches.  The integration of these research themes is 
important because countryside elements have a strong influence on ecological 
processes occurring within patches of intact vegetation and more broadly across the 
agricultural landscape (Saunders et al. 1991, Sisk et al. 1997, Wethered and Lawes 
2003, Kupfer et al. 2006).  For example, countryside elements can be a source of 
invasive species that may increase the rate of nest parasitism in remnant patches of 
vegetation (e.g. Brown-headed Cowbirds Molothrus ater in USA:  Donovan et al. 
1995), or aggressively exclude other species from these patches (e.g. Noisy Miners 
Manorina melanocephala in Australia: Grey et al. 1998).  Further, the fact that many 
species use more than one type of element in agricultural landscapes means they are 
unlikely to perceive these environments in a binary manner (McIntyre and Barrett 
1992, McIntyre and Hobbs 1999).  Lastly, conservation in agricultural landscapes will 
have greatest success when it is integrated with production considerations.  This will 
require an understanding of the interactions between the natural and countryside 
elements in these environments (Hobbs et al. 1993). 
 
1.1.4  The importance of a landscape perspective 
The discipline of landscape ecology has highlighted the importance of taking a 
landscape-level approach to conservation research.  One reason for this is that many 
ecological processes operate over broad spatial scales.  Examples include foraging 
and dispersal movements by animals, processes including seed dispersal and 
pollination, and disturbance regimes such as fire (Forman and Godron 1986).  
Patterns in the structure of fragmented landscapes will influence the natural rate and 
flow of these ecological processes (Turner 1989).  For example, synchrony in Winter 
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Wren Troglodytes troglodytes and European Robin Erithacus rubecula populations in 
woodland patches in the UK is higher in landscapes with a greater amount of 
woodland than in more open landscapes, suggesting less interaction of birds between 
wood patches in more fragmented landscapes (Bellamy et al. 2003).  
 
Most studies that have investigated the influence of landscape properties on fauna in 
agricultural environments have related the occurrence of species in patches of 
suitable habitat to properties of the surrounding landscape (e.g. Jonsen and Fahrig 
1997, Westphal et al. 2003).  That is, the patch is the unit of investigation for which the 
response variable is measured.  Such research provides an understanding of the 
influence of landscape context on species at the patch-level.  However, to investigate 
the effect of landscape properties on fauna at the landscape-level, the whole 
landscape mosaic must be the unit of investigation (Bennett et al. 2006).  Thus, 
measures describing fauna occurrence and landscape properties must relate to the 
entire landscape unit, and be replicated across such units.  Few studies have taken 
such an approach (see McGarigal and McComb 1995, Bennett and Ford 1997, 
Trzcinski et al. 1999, Villard et al. 1999, Radford et al. 2005).   
 
There are two key reasons why a whole-of-landscape approach is important.  First, 
properties of entire landscapes influence biota beyond the effect of their component 
parts (Mazerolle and Villard 1999, Bennett and Radford 2007).  Key properties of 
influence include the composition of the landscape and the spatial configuration of the 
landscape.  Measures of landscape composition describe the cover and heterogeneity 
of different types of elements in the landscape while properties of spatial configuration 
describe the pattern of distribution of these elements across the landscape (Bennett et 
al. 2006) (Fig. 1.2).  Second, land management for both production and conservation 
objectives is usually undertaken at the landscape scale.  A landscape perspective is 
necessary to ensure that the knowledge on which management strategies are based 
relates to the same scale at which strategies are implemented.  A whole-of-landscape 
approach has been employed in this thesis. 
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Fig. 1.2.  Examples of agricultural landscapes with different structural properties.  The 
first is characterised by a large extent of native vegetation cover, the second by a 
heterogeneous mix of different types of landscape element, and the third by an 
increased fragmentation of native vegetation. 
 
 
1.2  An Australian perspective 
 
Natural ecosystems in Australia have been modified by humans for tens of thousands 
of years.  Aboriginal people, for example, have long used fire to manipulate vegetation 
growth and as a tool for hunting (Fox 1990).  The rate and extent of anthropogenic 
modification of Australian ecosystems, however, has accelerated dramatically since 
European settlement.  As is common across the world, this process has involved the 
wide-scale clearing of vegetation to make way for agriculture.  As a result, just over 
60% of Australia’s land surface is now managed for agricultural production (Beeton et 
al. 2006).  A key feature of this process of landscape alteration has been the relatively 
short time-frame (i.e. < 200 years) over which it has occurred, giving native species 
little chance to adapt.  Consequently, there have been rapid and substantial declines 
in many native Australian species (Recher and Lim 1990).  In the context of native 
birds (the taxa of interest in this thesis), over 82% of all extant species have been 
affected by vegetation clearing, and agricultural activities such as sheep and cattle 
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grazing have further influenced more than half of all native taxa (Garnett and Crowley 
2000).  
 
1.2.1  Temperate woodlands in southern Australia 
The temperate woodlands of southern Australia provide a good example of the 
relationship between agricultural development, bird occurrence, and conservation 
management in Australia.  These woodlands, once widespread across the south-east 
and south-west of the continent, occur primarily on fertile soils and are characterised 
by an open canopy structure and grassy understorey (Robinson and Traill 1996, Yates 
and Hobbs 1999).  It is these characteristics that made temperate woodlands 
particularly well-suited to agricultural development, as was quickly recognised by early 
settlers in these regions (Robinson and Traill 1996, Yates and Hobbs 1999).  
Consequently, less than 20% of their original cover remains and temperate woodlands 
are now among the most threatened ecosystems in Australia (Robinson and Traill 
1996, Yates and Hobbs 1999, Olsen et al. 2005).  There have been associated 
impacts on the fauna that live in these temperate woodlands.  One in five woodland 
bird species is either threatened or in decline and, collectively, these species form one 
of the most threatened bird groups in Australia (Garnett and Crowley 2000, Ford et al. 
2001, Olsen et al. 2005).   
 
Conservation efforts to halt the decline of woodland birds have primarily centred 
around preserving intact woodland vegetation.  This approach is reflected in an almost 
exclusive research focus, in studies investigating the status of woodland avifauna, on 
the woodland remnants in these, now fragmented, landscapes (Saunders et al. 1993a, 
Ford et al. 2001).  There are a number of reasons, however, why this conservation 
strategy on its own will be unlikely to ensure the persistence of all species in the long-
term (Barrett et al. 1994, Robinson and Traill 1996).  First, the amount of woodland 
remaining in these regions is insufficient to sustain all extant woodland birds into the 
future (Hobbs et al. 1993, Barrett et al. 1994).  Second, the patches of remnant 
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woodland that occur in these environments are often threatened by ongoing 
exogenous disturbances such as stock grazing, species invasions, and altered 
disturbance regimes (Yates and Hobbs 1999, Ford et al. 2001, Olsen et al. 2005).  
Consequently, the habitat quality and conservation value of remnant woodland 
vegetation is often reduced (Robinson and Traill 1996).  Last, the majority of native 
vegetation remaining in agricultural landscapes occurs on privately-owned land, 
making its protection for conservation objectives a complex task (Saunders 1994, 
Ford and Barrett 1995).   
 
These factors all emphasise the overriding influence of humans, and their activities, 
on the biota of agricultural landscapes.  Therefore, while patches of high quality 
woodland vegetation will undoubtedly form the cornerstone of all future conservation 
efforts, there is no question that a greater integration with production considerations, 
and a more active engagement of rural communities, will enhance the ongoing 
success of conservation management (Hobbs et al. 1993, Saunders 1994, Bennett 
1995, Ford and Barrett 1995, Robinson and Traill 1996, Barrett 2000).  These 
considerations are not only applicable to temperate woodland ecosystems; they are 
equally relevant for conservation management in agricultural regions across the 
country.  It is well understood, for example, that conservation efforts in Australia will 
need to include native vegetation on freehold land as well as vegetation protected as 
part of the reserve system (Bennett 1995, Ford and Barrett 1995).  Recognition of the 
potential for more highly modified countryside elements in agricultural landscapes to 
contribute to conservation strategies in Australia, however, has been a more recent 
development (Manning et al. 2004, Fischer et al. 2005).  For these modified elements 
to benefit conservation, a greater understanding is required of their value to fauna and 
also of their influence on species at the landscape level in agricultural environments. 
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1.2.2  Countryside elements in Australian agricultural landscapes 
Three main types of countryside element, each dedicated specifically to production, 
dominate Australia’s agricultural regions: grazing lands, cropping systems and 
plantation estates (Beeton et al. 2006).  In addition, a number of other countryside 
elements are highly characteristic of agricultural environments across the country (Fig. 
1.3).  Particularly common in many grazing landscapes, for example, are scattered 
paddock trees.  These mature and often large eucalypts have survived the process of 
land clearing and typically occur as isolated trees or in small stands (Manning et al. 
2006).  Strips of linear vegetation are also a familiar sight in many rural landscapes in 
Australia and can take many forms.  Often, they are strips of remnant vegetation 
occurring on parcels of crown land such as road reserves and travelling stock routes, 
riparian vegetation along watercourses or planted shelterbelts (Bennett 1998).  All 
these countryside elements vary in their degree of anthropogenic modification and 
level of ongoing disturbance; both factors that influence their value for conservation.  
Consequently, linear vegetation and scattered paddock trees, which are often 
composed of (modified) remnant vegetation, have received most recognition for their 
potential to contribute to nature conservation in Australia (Reid and Landsberg 2000, 
Bennett and van der Ree 2001).   
  
Pastoral land is widely considered to have little value for native fauna (Estrada et al. 
1997, Petit and Petit 2003).  In fact, pasture is the countryside element most likely to 
conform, due to its high level of modification, to the traditional expectations of ‘matrix’ 
habitats in terms of providing low-value habitat for most native species.  As a 
consequence, few studies have specifically sampled native fauna in pastoral areas 
(but see Estrada et al. 1997, Green and Catterall 1998, Harvey et al. 2006, Loyn et al. 
2007).   
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Fig. 1.3.  Countryside elements that are characteristic of agricultural landscapes in 
Australia, including, clockwise from top left: pasture, tree plantation, scattered paddock 
trees, and linear (roadside) vegetation.  
 
 
Tree plantations in Australia are usually composed of fast-growing eucalypt species 
such as Tasmanian Blue Gum (Eucalyptus globulus) and Shining Gum (E. nitens), or 
of exotic pines (Pinus spp.) (Lindenmayer and Hobbs 2004).  While tree plantations 
often support a lower density and diversity of birds than native vegetation (Friend 
1982, Loyn et al. 2007), they may provide some benefits to the native species that do 
occur within them (Lindenmayer et al. 2002).  Further, tree plantations may facilitate 
the movement of animals between otherwise isolated patches of native vegetation 
(Lindenmayer et al. 2002, Lindenmayer and Hobbs 2004). 
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Scattered paddock trees perform a number of functions that provide economic benefit 
to farmers: they provide shade and shelter for stock, contribute to healthy soil 
structure and help reduce water table levels (Law et al. 2000, Reid and Landsberg 
2000, Wilson 2002, Oliver et al. 2006).  They are also valuable to native fauna in 
agricultural environments.  Scattered trees contribute to the total amount of tree cover 
in largely cleared landscapes; thus, by acting as stepping stones for animal 
movements, they potentially increase the functional connectivity of agricultural regions 
(Fischer and Lindenmayer 2002b, Manning et al. 2006).  They also provide resources, 
such as tree hollows, nectar, insects and roosting sites that are used by a range of 
different species in agricultural environments (Law et al. 2000, Fischer and 
Lindenmayer 2002a, Gibbons and Boak 2002, Lumsden and Bennett 2005, Manning 
et al. 2006). 
 
As with scattered trees, strips of linear vegetation provide a number of benefits for 
production and conservation objectives alike.  The economic value of linear vegetation 
relates strongly to its provision of shade for stock; hence the common management 
practice of planting shelterbelts in farm paddocks (Roberts 1992, Bennett et al. 2000).  
Linear vegetation also provides habitat that supports populations of some native 
species and resources that are used by many others.  Further, linear vegetation can 
facilitate the movement of animals around fragmented landscapes (Bennett 1990, 
1991, Saunders and De Rebeira 1991, Bentley and Catterall 1997, Major et al. 1999).  
Due to the strong conservation focus on increasing the connectivity of fragmented 
landscapes (Hobbs 1992, Simberloff et al. 1992), these linear elements are a common 
component of conservation management in agricultural landscapes (Hussey et al. 
1991, Saunders et al. 1993b) and have received much research attention (Bennett 
1998). 
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1.3  Overview of thesis objectives and structure 
 
1.3.1  Birds as ‘conservation ambassadors’ in agricultural landscapes  
This thesis focuses on the avifauna of agricultural landscapes.  Collectively, birds form 
one of the more visible, abundant, and diverse components of native fauna in 
Australian agricultural environments.  As such, they are an ideal taxon with which to 
demonstrate the relationship between agricultural land-use and nature conservation.  
As birds are readily observed in agricultural landscapes, the conservation implications 
of land management can be directly associated with species that are seen everyday.  
Thus, the findings of this study will have greater relevance to landholders in the study 
region and can be placed in the context of management actions undertaken on 
individual properties.  In addition, a greater awareness of birds may foster an 
increased appreciation of the occurrence and value of other native fauna in 
agricultural landscapes (Dilworth et al. 2000).  This is an important step in the process 
of collaborating with rural landholders which, in turn, will be an essential component of 
future conservation strategies in agricultural landscapes (Bennett 1995, Hazell 2004).       
 
1.3.2  Aims and structure of this study 
The topic of nature conservation in agricultural environments forms the overarching 
theme of this thesis.  This study has two primary aims: to investigate the relationship 
between landscape properties and bird occurrence in agricultural mosaics, and; to 
identify practical ways in which the conservation value of these environments can be 
enhanced.  To this end, two complementary paradigms that have underpinned much 
research on this topic, habitat fragmentation and countryside biogeography, have 
been combined.  Thus, the occurrence of birds in all types of landscape element, both 
natural and countryside, is examined in this study.  By explicitly recognising that 
agricultural landscapes are a mosaic of many element types, this study has the 
potential to add to the current understanding of the relationship between nature 
conservation and agricultural land-use. 
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Native vegetation will form the backbone of all successful conservation efforts in 
agricultural landscapes.  This is well understood and widely acknowledged (Saunders 
et al. 1987, Margules and Pressey 2000).  Thus, when addressing the second aim of 
this thesis (i.e. the identification of ways to enhance the conservation value of these 
environments), greater emphasis is given to investigating complementary approaches 
to conservation in agricultural landscapes.  Here, the objective is to identify how, 
through careful management, the contribution of countryside elements to conservation 
objectives might be enhanced.  
 
Each chapter in this thesis addresses both aims of this study.  Some chapters, 
however, relate more strongly to the first aim while others focus predominantly on the 
second.  Chapters 2 and 3 primarily examine the influence of landscape properties on 
birds while Chapters 4 and 5 chiefly investigate the role of countryside elements in 
conservation efforts in agricultural landscapes (Fig. 1.4).  Briefly, the topic of each 
chapter is as follows:   
 
Chapter 2 investigates the relationship between landscape properties and bird 
richness to identify how different types of birds (based on their habitat associations) 
respond to the composition and configuration of agricultural mosaics.   
 
Chapter 3 examines the relationship between bird community composition and 
landscape pattern to determine whether gradients in agricultural modification are 
associated with systematic changes to bird assemblages.   
 
Chapter 4 compares the frequency of occurrence of species in different types of 
countryside element to examine their potential conservation value to birds in 
agricultural landscapes.  The influence of landscape context on the use of countryside 
elements by birds is also investigated.   
 
Chapter 5 investigates the potential for structurally-complex countryside elements 
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(e.g. tree plantation and scattered trees) to provide supplementary habitat, at the 
landscape scale, for birds in agricultural mosaics.  This chapter focuses on individual 
species of woodland bird.   
 
Finally, Chapter 6 synthesises the key findings of the preceding chapters and 
discusses the associated implications for bird conservation and land management in 
agricultural environments.  Recommendations for management aiming to enhance the 
bird fauna of farm properties are provided. 
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Figure 1.4.  Overview of the structure of this thesis. 
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Birds in agricultural mosaics: the influence of landscape 
pattern and countryside heterogeneity 
 
 
 
 
 
 
 
 
 
 
 
 
 A patch of native vegetation in farmland
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woodland bird species in the study region
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This chapter has been published as: Haslem, A., and A. F. Bennett (2008). Birds in 
agricultural mosaics: the influence of landscape pattern and countryside heterogeneity. 
Ecological Applications 18:185-196. 
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2.1  Abstract 
 
Agricultural environments are critical to the conservation of biota throughout the world.  
Efforts to identify key influences on the conservation status of fauna in such 
environments have taken complementary approaches.  Many studies have focussed 
on the role of remnant or semi-natural vegetation, and emphasised the influence on 
biota of spatial patterns in the landscape.  Others have recognised that many species 
use diverse ‘countryside’ elements within farmland, and emphasise the benefits of 
landscape heterogeneity for conservation.  Here, we investigated the effect of 
independent measures of both the spatial pattern (extent and configuration) and 
heterogeneity of elements (i.e. land-uses/vegetation types) on bird occurrence in 
farm-scale agricultural mosaics in south-eastern Australia.  Birds were sampled in all 
types of elements in 27 mosaics (each 1 x 1 km) selected to incorporate variation in 
cover of native vegetation and the number of different element types in the mosaic.  
We used an information-theoretic approach to identify the mosaic properties that most 
strongly influenced bird species richness.  Sub-groups of birds based on habitat 
requirements responded most strongly to the extent of preferred elements in mosaics.  
Woodland birds were richer in mosaics with higher cover of native vegetation while 
open-tolerant species responded to the extent of scattered trees.  In contrast, for total 
species richness, mosaic heterogeneity (richness of element types) and landscape 
context (cover of native vegetation in surrounding area) had the greatest influence.  
These results showed that up to 76% of landscape-level variation in richness of bird 
groups is attributable to mosaic properties directly amenable to management by 
landowners.  Key implications include: (1) conservation goals for farm landscapes 
must be carefully defined because the richness of different faunal components is 
influenced by different mosaic properties; (2) the extent of native vegetation is a 
critical influence in agricultural environments because it drives the farm-scale richness 
of woodland birds, and has a broader context effect on total bird richness in mosaics; 
(3) land-use practices that enhance the heterogeneity of farmland mosaics are 
beneficial for native birds; and (4) the cumulative effect of even small elements in farm 
mosaics contribute to the structural properties of entire landscapes. 
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2.2  Introduction 
 
Global patterns of land use have resulted in widespread conversion of natural 
environments to landscapes dominated by agricultural land uses (Houghton 1994, 
Foley et al. 2005).  The consequences of such landscape change, especially the 
effects of the loss and fragmentation of native vegetation, are a major theme in 
conservation biology (McGarigal and Cushman 2002, Lindenmayer and Fischer 
2006).  There also is growing interest in the contribution that modified landscapes can 
make to nature conservation (Petit et al. 1999, Daily et al. 2001, Fischer et al. 2006, 
Vandermeer and Perfecto 2007).  Indeed, in many regions agricultural environments 
must play a key role in conservation because the limited reserve systems will be 
insufficient for long-term conservation of native biota (Brooks et al. 2004). 
 
A characteristic feature of agricultural environments is that they are mosaics of 
different landscape elements (i.e. distinct land-uses or vegetation types), ranging from 
patches of natural or semi-natural vegetation (e.g. remnant or regrowth forests, 
riparian strips, fencerows) to highly modified areas (e.g. crops, roads, human 
settlements) (Fuller et al. 1997, Berg 2002, Harvey et al. 2006).  From a practical 
perspective, land managers and agencies are actively seeking guidance on the most 
effective ways to retain or enhance conservation values in farming systems, while also 
maintaining economic productivity.  The challenge for scientists is to develop a sound 
understanding of the conservation values of the different components of agricultural 
landscapes, and how these elements interact to affect ecological processes and 
species’ occurrence at the landscape level.   
 
Several avenues of research provide insights into the values of agricultural 
landscapes for nature conservation.  First, a large body of research on the ‘habitat 
fragmentation’ paradigm (Haila 2002, McGarigal and Cushman 2002, Fahrig 2003) 
has focussed primarily on the biota dependent on remnant natural vegetation within 
the landscape.  This approach has given emphasis to the spatial pattern of remnant 
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vegetation and its influence on the ability of organisms to persist in modified 
landscapes.  The size, shape and proximity of habitat patches to other areas of 
suitable habitat have been identified as key influences on fauna.  At the landscape 
level, a key issue is to unravel the relative importance of the extent and the spatial 
configuration of habitat for the taxa of concern (McGarigal and McComb 1995, 
Trzcinski et al. 1999, Radford et al. 2005).  The modified components of the 
landscape, often collectively termed the ‘matrix’, have been considered mainly in 
terms of their role as a source of disturbance or biotic invasion of vegetation patches 
(Saunders et al. 1991), or for the resistance posed to movements of organisms 
between vegetation patches (Opdam 1991, Ricketts 2001).   
 
A second avenue of research is based on the recognition that many different 
landscape elements have a role in sustaining biodiversity in agricultural environments.  
In these studies, a range of countryside elements, such as tree plantations, hedges, 
crops, pastures, and gardens have been surveyed for their value to different 
components of the biota (Farina 1997, Pino et al. 2000, Daily et al. 2003).  At the 
landscape level, emphasis has been given to the importance of the diversity of such 
elements in sustaining rich faunal assemblages, particularly in the cultural landscapes 
of Europe (Böhning-Gaese 1997, Atauri and de Lucio 2001, Herzon and O'Hara 
2007).  The use of the term ‘countryside’ elements (Daily et al. 2001) promotes an 
appreciation of the diversity of land uses and resources in agricultural environments, 
and the potential for managing them to achieve conservation outcomes (Fischer et al. 
2005, Donald and Evans 2006, Kupfer et al. 2006).   
 
To fully appreciate the processes that influence native fauna in agricultural land 
mosaics, it will be valuable to combine key features of these two approaches: the 
relative importance of the spatial patterns of elements and the role of heterogeneity of 
countryside elements.  Further, to draw inferences about how such properties of 
agricultural mosaics influence biota, it is necessary to adopt a landscape-level 
approach in which ‘whole’ mosaics are the unit of investigation (McGarigal and 
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McComb 1995, Fahrig 2003, Bennett et al. 2006).  A landscape-level approach also is 
important because mosaics have properties that differ from those of their component 
parts (Mazerolle and Villard 1999).  In addition, management for both conservation 
and production is commonly undertaken at the landscape level.   
 
In this study we investigate the relative influence of spatial pattern and heterogeneity 
of landscape elements on bird species richness in agricultural mosaics in south-
eastern Australia.  Specifically, we ask (1) What are the relative and independent 
effects of the cover, configuration and heterogeneity of landscape elements on bird 
species richness in agricultural mosaics? (2) Does the effect of these mosaic 
properties differ between assemblages of species with different resource 
requirements? 
 
 
2.3  Methods 
 
2.3.1  Study area 
The study was undertaken in an area of approximately 1500 km² on the Gippsland 
Plains in eastern Victoria, Australia (Fig. 2.1).  This lowland region of alluvial and 
coastal plains (elevation < 120 m) lies between the Great Dividing Range in the north 
and the Gippsland Lakes in the south.  The climate is temperate and the mean annual 
rainfall of 700 mm is distributed relatively evenly throughout the year (Ward 1977, 
Land Conservation Council Victoria 1982).  Native vegetation comprises eucalypt 
forests and woodlands dominated by Gippsland Red Gum Eucalyptus tereticornis 
subsp. mediana and White Stringybark E. globoidea with other common tree species 
including Coastal Manna Gum E. viminalis subsp. pryoriana, Red Box E. 
polyanthemos subsp. vestita and Apple Box E. bridgesiana.  Saw Banksia Banksia 
serrata and Austral Bracken Pteridium esculentum, together with grassland and 
heathland species, dominate the understorey (Land Conservation Council Victoria 
1982, Lunt 1997a).  Due to the relatively high fertility of the land dominated by Red  
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Fig. 2.1.  Location of study mosaics in Victoria, Australia.  Black squares show 
individual mosaics, grey shading indicates native tree cover and grey hatching indicates 
tree plantation. 
 
 
Gum woodlands, originally widespread in the region, 86% of native vegetation in the 
study area has been cleared for agricultural production.  Sheep and cattle grazing is 
the primary form of agriculture on the Gippsland Plains while softwood (Pinus radiata) 
and hardwood (E. globulus) plantations are common in some areas.     
 
2.3.2  Study design 
Bird surveys were carried out in 27 agricultural ‘mosaics’, each 1 x 1 km (100 ha) in 
size.  This size is large enough to include multiple landscape elements while small 
enough to allow replication and thorough sampling of all elements in each mosaic.  
Importantly, this size is directly relevant to land management at the farm scale in the 
study region.  All mosaics were separated by ≥ 2 km; the mean distance between 
central points of all pairs of mosaics was 18.2 km (range 2.7 - 50.0 km). 
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The selection of study mosaics was stratified to incorporate variation in two main 
factors: cover of native vegetation and richness of different landscape elements.  
Seven mosaics had < 30% native vegetation cover, 11 had between 30 - 60% cover, 
and nine had > 60% cover.  Eight types of landscape element were recognised: 
patches of native vegetation, linear vegetation, tree plantations, scattered paddock 
trees, farmland pasture, wetlands, farm dams and disturbed areas (see Table 2.1).  
These are common landscape elements in the region and form important habitat 
components for birds in agricultural environments (Ford and Barrett 1995, Fuller et al. 
1997, Fischer et al. 2005).  Their structural properties and the resources they provide 
are sufficiently different to warrant classification as distinct landscape elements.  Six 
mosaics had between one and three elements, 13 had four or five elements, and eight 
mosaics had six or more elements.   
 
Study mosaics incorporated both public and private land.  Land management 
practices differ between these land tenures: notably, remnant vegetation on private 
land is often subject to increased disturbance (e.g. stock grazing) relative to public 
conservation reserves in which many disturbance pressures are restricted.  Three 
mosaics were within nature conservation reserves, seven incorporated both nature 
reserves and private property, and the remaining 17 were entirely on private property 
(but often included small parcels of public land such as road reserves).  Mosaics 
situated partially or completely on private land incorporated parts of between one and 
four farm properties managed primarily for sheep or cattle production.  
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Table 2.1.  Landscape elements recognised in this study, the number of mosaics in which each occurred and the total sample points in 
each element type across all mosaics.  Mean and maximum cover (ha) of landscape elements in mosaics is also shown (minimum cover 
was always zero); values for wetlands and farm dams indicate number present rather than area covered.   
 
Landscape 
element 
Mosaics Sample 
points 
Mean Max Description 
Native vegetation 
patch 
24 187 47.0 100.0 Patch of remnant or regenerating native vegetation.  Relatively low level of 
anthropogenic disturbance. 
Linear vegetation 15 10 0.9 3.8 Linear strip of vegetation (width ≤ 50 m).  Mostly native roadside vegetation; 
infrequently planted shelterbelts (native or exotic tree species).  Subject to increased 
disturbance intensity and frequency. 
Plantation 6 35 6.4 64.6 Plantation of pine (Pinus radiata) or non-indigenous eucalypt (Eucalyptus globulus) 
species. 
Scattered trees 18 42 7.4 45.3 Grassy area with widely-spaced (thinned) canopy trees; commonly lacking 
understorey vegetation and grazed by stock. 
Pasture 21 106 36.6 86.8 Grassy area cleared of canopy and understorey vegetation; commonly grazed by 
stock. 
Wetland 10 8 0.5 (#) 4 (#) Area of native vegetation subject to constant or ephemeral flooding. 
Farm dam 22 17 2.3 (#) 6.0  (#) Anthropogenic water source. 
Disturbed 11 Not 
sampled 
0.8 6.9 Area subject to regular human activity (e.g. roads). 
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2.3.3  Bird surveys 
Birds were surveyed by point counts (Bibby et al. 1992) at 15 fixed locations in each 
mosaic.  Sample points were stratified among all types of landscape element (≥ 1 ha 
in area; except disturbed areas), in proportion to the spatial extent of each element 
type in the mosaic.  Each point count was conducted for 10 mins and covered a 
circular area of 0.3 ha (radius 30 m) around the sample point.  Bird surveys were 
undertaken in both the morning and afternoon: surveys were not conducted during 
periods of rain, or conditions of high wind or temperature.  All species seen or heard 
were recorded by a single observer (AH).  Sample points were visited on three 
occasions (survey rounds) in each of the breeding and non-breeding seasons within a 
one-year period (October 2004 - August 2005).  Thus, a total of 90 point counts (15 
sample points x 6 survey rounds) was completed in each mosaic.  The order in which 
mosaics, and sample points within mosaics, were visited was varied between 
consecutive survey rounds to ensure, where possible, mosaics were sampled equally 
in morning and afternoon survey periods.  Birds observed incidentally during each visit 
to mosaics were also recorded.  The time spent completing one full survey round was 
consistent between mosaics and rounds; therefore the ‘sampling effort’ of incidental 
observations also was equal across mosaics. 
 
Bird records were pooled to determine species richness for each mosaic (excluding 
nocturnal species and raptors which were sampled less thoroughly than other 
species).  First, the total richness of bird species in each mosaic was calculated.  
Second, we determined the richness of species in each mosaic that belonged to three 
habitat-association groups (‘woodland’, ‘open-tolerant’ and ‘open-country’) as 
classified for the Gippsland region by Radford and Bennett (2005).  Woodland-
dependent birds rely almost entirely on native vegetation to satisfy their resource and 
habitat requirements (e.g. White-throated Treecreeper Cormobates leucophaeus, 
Golden Whistler Pachycephala pectoralis).  Open-tolerant species also require native 
vegetation but are observed foraging among more disturbed areas in farmland (e.g. 
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Eastern Rosella Platycercus eximius, Laughing Kookaburra Dacelo novaeguineae).  
Open-country species inhabit modified farmland environments but may require 
paddock trees for nesting (e.g. Australian Magpie Gymnorhina tibicen, Willie Wagtail 
Rhipidura leucophrys).  Species associated with aquatic environments (n = 16) were 
not included in these habitat-association groups; they contributed to total species 
richness only (e.g. Australian Wood Duck Chenonetta jubata, Straw-necked Ibis 
Threskiornis spinicollis). 
 
2.3.4  Mosaic properties 
Variables representing three properties of study mosaics were quantified: those 
relating to the cover of landscape elements (n = 3); spatial configuration of elements 
(n = 2); and heterogeneity of elements (n = 2) (see Table 2.2).  An additional variable 
quantified the extent of native vegetation within a 2 km radius surrounding each 
mosaic (OutVeg: Table 2.2), to provide a measure of its wider landscape context. 
 
 
Table 2.2.  Description of the variables used to quantify mosaic structure. 
 
Mosaic property Variable Abbreviation Description 
Element cover Principal component 1 PC1 Gradient in extent of native vegetation cover 
in mosaics (native vegetation to pasture). 
 Principal component 2 PC2  Gradient in density of roads in mosaics. 
  Principal component 3 PC3 Gradient in extent of countryside elements in 
mosaics (scattered trees to plantations). 
Configuration Patch density Patch Relative number of all patches in mosaics. 
  Patch shape complexity1 Shape Area-weighted mean of the perimeter:area 
ratio of all patches in mosaics. 
Heterogeneity Element richness Rich Relative number of different types of 
landscape elements in mosaics. 
  Shannon evenness Even Evenness of coverage of different types of 
landscape elements in mosaics. 
Landscape 
context 
External native vegetation 
cover1 
OutVeg Area of native vegetation in 2 km buffer 
(2030 ha) around each mosaic. 
1 log10 transformed 
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Principal components analysis (PCA) was used to quantify the proportional cover of 
different landscape elements in study mosaics.  Variables included were the cover 
(ha) of each element type, and the length of roads (m) in each mosaic.  Farm dams 
and wetlands were each represented by the number present; this measure provided a 
better reflection of their contribution to mosaic composition as they contain different 
resources to other landscape elements yet cover a relatively small area.  Variables 
were transformed, where necessary, to meet the assumptions of the PCA and 
principal components were rotated using the varimax method.  The first three 
components together explained 77.2% of the variation in the original variables (Table 
2.3).  PC1 represents a gradient in cover of native vegetation within mosaics, ranging 
from those with high or complete cover of native vegetation to those with extensive 
cover of pasture and many dams.  PC2 indicates the density of roads in mosaics, with 
increased road length and extent of road-associated elements (disturbed areas, linear 
vegetation) at the positive end of the gradient.  PC3 describes a gradient in 
countryside elements; mosaics at one end are characterised by high cover of 
scattered trees while at the other they have a greater extent of plantation.    
 
Variables describing the spatial configuration and heterogeneity of mosaics were 
calculated with FRAGSTATS v.3.3 (McGarigal et al. 2002) in conjunction with ArcMap 
v.9 (ESRI 2004).  The configuration of mosaics was quantified by the density of 
patches in each mosaic (Patch), and an index of the shape complexity of patches 
(Shape).  Note that all patches, regardless of element type, were included in these 
measures of spatial configuration.  No judgement was made a priori about which 
elements were ‘habitat’ or ‘non-habitat’.  This contrasts with studies where spatial 
configuration is measured only for one type of element, typically forest cover (e.g. 
Villard et al. 1999, Radford et al. 2005).  Mosaic heterogeneity was measured by the 
richness of landscape element types in each mosaic (Rich), and the Shannon 
evenness index (Even).  Mosaics containing multiple element types in equal 
proportion have a high evenness index while those dominated by one element (e.g. 
native vegetation) have low evenness.  Values for Rich and Patch were scaled 
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Table 2.3.  Principal components analysis (varimax rotation) of the proportional cover of 
different landscape elements in study mosaics.  Values represent the loading of each 
landscape element on the first three components.  Variation explained by each 
component is also shown.     
 
Components Landscape element 
PC1 PC2 PC3 
Variation explained 41.55 23.53 12.08 
Native vegetation (ha) -0.93 -0.18 -0.21 
Linear vegetation (ha)1 0.39 0.69 0.20 
Plantation (ha)2 0.16 0.07 0.89 
Scattered trees (ha)1 0.41 0.09 -0.70 
Pasture (ha) 0.87 0.17 -0.06 
Wetland (#)2 -0.31 -0.54 0.50 
Farm dam (#) 0.76 0.28 -0.25 
Disturbed (ha)2 0.30 0.61 0.64 
Road length (m) 0.08 0.91 -0.07 
1 log10 transformed 
2 square-root transformed 
 
 
between zero and one; thus for each mosaic, values of these variables were relative 
to the maximum recorded in any mosaic.  Shape and OutVeg were log10 transformed 
to approximate a normal distribution.  
 
Measures of landscape structure are often strongly intercorrelated, particularly with 
the extent of native vegetation (Fahrig 2003). Here, all variables (except PC2 and 
PC3) were correlated with PC1 (gradient of native vegetation cover) (Pearson 
coefficient range: 0.51 - 0.75).  To determine the independent effect of different 
mosaic properties on bird richness, each variable was regressed individually against 
PC1 (after Villard et al. 1999).  Examination of the tolerance levels for the resulting 
residual values of all variables indicated that any collinearity remaining between 
mosaic variables was minimal (all tolerances > 0.1) (Quinn and Keough 2002).  These 
residual values were used in all further analyses (designated as an adjusted variable, 
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Xadj) and provided a measure for each variable independent of the effects of other 
predictor variables.   
 
All eight predictor variables were standardized to a mean of zero and standard 
deviation of one so that multiple regression coefficients were directly comparable.   
 
2.3.5  Statistical analyses 
To examine the spatial independence of bird assemblages in study mosaics, we 
conducted a test for spatial autocorrelation.  A Mantel test was used to compare two 
dissimilarity matrices; one containing standardized data on the geographic distance 
between mosaics, the other containing Jaccard indices of the dissimilarity between 
bird assemblages in mosaics, derived from presence/absence data for all species.  
This tests whether assemblages in mosaics in close proximity are more similar than 
those that are spatially distant.  Probability values were calculated by comparing the 
observed dissimilarity of these matrices to that of 10 000 random permutations of both 
matrices.  The Mantel test was conducted using the ape package v.1.8 (Bolker and 
Claude 2005) in conjunction with R v.2 (Ihaka and Gentleman 1996). 
 
Generalized linear models, assuming a Gaussian distribution, were used to model the 
relationship between the richness of each response group (total, woodland, 
open-tolerant and open-country species) and all possible subsets of the eight 
predictor variables.  An information-theoretic approach, based on the Akaike 
Information Criterion (corrected for small sample sizes: AICc), was used to interpret 
regression analyses (Burnham and Anderson 2002).   
 
Akaike weights (wi) were calculated for all 255 possible models for each response 
group.  Akaike weights indicate the relative likelihood that a particular model is the 
most parsimonious (out of the full set of models produced, by balancing model fit and 
complexity) given the data under consideration (Burnham and Anderson 2002).  A 
weight of at least 0.9 is required for any one model to be accepted as the clear best 
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(Burnham and Anderson 2002).  By summing Akaike weights of all models containing 
a particular variable, a measure of the relative ‘evidence of importance’ for that 
predictor variable is produced.  However, this value of predictor importance does not 
indicate the magnitude or direction of the relationship between predictor and response 
variables.  To provide such an understanding, model averaging was used to produce 
model-averaged parameter estimates.  Thus, for each response group, we used 
Akaike weights to determine the relative level of support for all models produced, to 
investigate the relative importance of all predictor variables, and to create parameter 
estimates averaged over all possible models.   
 
Generalized linear models, and calculation of Akaike weights, were conducted using 
source code (M. Scroggie, unpublished) in R.  We calculated adjusted r2 values for the 
‘best’ model (i.e. the highest wi) for each response group in SPSS v.11.1 (SPSS 
2003).  Similarly, r² values were calculated for the model-averaged models using 
sums of squares values incorporating the averaged parameter estimates (Quinn and 
Keough 2002).  
 
Hierarchical partitioning (Chevan and Sutherland 1991, Mac Nally 2000) was used to 
determine how much of the total effect of each predictor variable was due to joint 
action with other variables and how much was an independent contribution.  This 
method involves comparing the explained variation of models containing a given 
variable to the explained variation of models without it, over the full set of models 
produced by all variable combinations (Mac Nally 2000).  We used r² as the measure 
of model fit.  Hierarchical partitioning was undertaken using the hier.part package v.1 
(Mac Nally and Walsh 2004) in association with R.       
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2.4  Results 
 
2.4.1  Bird richness 
A total of 106 bird species was recorded across the 27 study mosaics, seven of which 
were exotic species (Appendix 2.1).  Thirteen species were recorded in only one study 
mosaic while six were recorded in all 27.  The mean number of species recorded in 
mosaics was 49.9 (range 33 - 64).  Of the three habitat-association groups, woodland 
birds comprised the most species (n = 56) and were the richest group, on average, in 
mosaics (mean = 28.6; range 4 - 38).  The overall number of open-tolerant (n = 18) 
and open-country species (n = 16), and the mean richness of these species in 
mosaics (open-tolerant; mean = 9.2, range 6 - 12: open-country; mean = 8.8, range 2 
- 14), was similar.   
 
The results of the Mantel test for spatial autocorrelation indicated that bird 
assemblages within mosaics were spatially independent (z = 25.815, P = 0.115). 
 
2.4.2  Multivariate analyses 
For each response group, the Akaike weights of all models were < 0.4, suggesting 
that no single model could be accepted as the clear best model of species richness 
(Table 2.4).  For example, the best model for total species richness had a wi of 0.09 
and explained a third of the variation in richness of this group across mosaics. 
 
 
Table 2.4.  Details of the most parsimonious model (highest Akaike weight) relating the 
richness of each response group to mosaic properties. 
 
Response group Variables wi r²adj 
Total species Richadj + OutVegadj 0.087 0.343 
Woodland species PC1 + PC2 + Patchadj + Shapeadj 0.147 0.500 
Open-tolerant species PC3 0.100 0.141 
Open-country species PC1 + PC3 + Patchadj + Richadj 0.329 0.708 
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Table 2.5 and Fig. 2.2 show the results of the three techniques used, in combination, 
to investigate the effect of each predictor variable on bird response groups: relative 
predictor importance, model averaging and hierarchical partitioning.  The results of all 
three approaches were consistent, and similar to the single best model as identified by 
Akaike weights (see Table 2.4).   
 
 
 
 
 
 
 
 
Fig. 2.2.  Relative predictor importance (columns) and independent contribution (lines: 
expressed as a proportion of the total for all variables) of mosaic variables for each 
response group: a) total species; b) woodland species; c) open-tolerant species; d) 
open-country species.  Black columns indicate variables for which 95% confidence 
intervals of model-averaged parameter estimates do not include zero. 
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Table 2.5.  Parameter estimates resulting from model averaging for each response group.  r² values for models containing 
model-averaged parameter estimates are also shown. 
 
Predictor Total species Woodland species Open-tolerant species Open-country species 
Variable Coefficient S.E. Coefficient S.E. Coefficient S.E. Coefficient S.E. 
PC1 0.027 0.526 -3.217 1.107 0.056 0.157 2.026 0.336 
PC2 -0.859 1.444 -2.398 1.611 0.068 0.175 0.053 0.200 
PC3 -0.493 0.993 0.433 0.869 -0.534 0.266 -1.415 0.364 
Patchadj 2.037 2.489 3.938 2.228 0.055 0.177 -0.841 0.516 
Shapeadj -1.865 1.965 -2.422 1.708 -0.001 0.126 -0.233 0.369 
Richadj 2.013 1.703 0.129 1.010 0.083 0.202 1.719 0.585 
Evenadj 0.452 1.021 0.564 0.983 -0.058 0.168 0.031 0.159 
OutVegadj 1.903 1.473 1.281 1.462 0.032 0.145 0.027 0.158 
r² 0.481 0.617 0.241 0.762 
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While no variable made an important contribution to the averaged model for total 
species richness, this group showed a relatively strong relationship with two variables 
(Table 2.5; Fig. 2.2a).  Both Richadj and OutVegadj had a positive effect on the total 
number of species in mosaics (Table 2.5).  Thus, total species richness was higher in 
heterogeneous mosaics comprising multiple elements and surrounded by higher cover 
of native vegetation. 
 
Variables describing the cover of different elements in mosaics had an important, and 
independent, effect on the richness of all habitat-association groups in mosaics (Fig. 
2.2).  PC1 contributed to the averaged models for woodland and open-country species 
richness (Fig. 2.2b, d).  Relationships with this variable indicated that woodland birds 
were richer in mosaics with greater cover of native vegetation while open-country 
species were strongly associated with pasture (Table 2.5).  Open-tolerant and 
open-country species responded strongly to PC3: both these groups were richer in 
mosaics with increased cover of scattered trees (Table 2.5; Fig. 2.2c, d). 
 
Variation in the relative contribution of each habitat-association group to total species 
richness in mosaics, along the gradient of native vegetation cover, is shown in Fig. 
2.3.  Mosaics were ordered along the gradient in native vegetation cover (quantified 
by PC1) by dividing the full range of values into eight equal intervals.  The proportional 
contribution of each habitat-association group to total species richness (excluding 
water birds) was then averaged across mosaics in each of these intervals.  Woodland 
species dominated bird assemblages in mosaics with a greater cover of native 
vegetation while open-tolerant and open-country species made a stronger contribution 
to total species richness in mosaics with less native vegetation (Fig. 2.3).  There was 
no evidence of a marked shift in the proportional contribution of these groups to the 
overall assemblage along the gradient of landscape change. 
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Fig. 2.3.  Proportional contribution (mean) of each habitat-association group to bird 
assemblages (excluding water birds) in mosaics in relation to the cover of native 
vegetation (as quantified by PC1).  The number of mosaics contributing to the mean 
values expressed by each column (i.e. within each of the eight equal intervals of PC1 
values) is shown.  Black indicates woodland species, white indicates open-tolerant 
species, and hatching indicates open-country species.     
 
 
Measures of mosaic configuration did not contribute to the averaged models for any 
response group.  Nevertheless, both Patchadj and Shapeadj had a relatively important,  
and independent, effect on the richness of woodland species in mosaics.  Species 
richness of woodland birds tended to be greater in more fine-grained mosaics (greater 
patch density) with less complex patch shapes (Table 2.5, Fig. 2.2b).     
 
One of the two variables describing mosaic heterogeneity made an important 
contribution to the averaged model for open-country species (Fig. 2d).  The positive  
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relationship between this group and Richadj indicated that open-country birds were 
richer in mosaics with a greater number of element types (Table 2.5).     
  
The explained variation of models containing averaged parameter estimates differed 
among response groups (Table 2.5).  Variables used to measure different properties 
of mosaic structure together explained more than half the variation in richness of 
open-country and woodland species, and less than half the variation in total species 
and open-tolerant species richness, in study mosaics. 
 
2.4.3  Comparison between predictor variables 
The relative importance, and independence, of the effect of each type of mosaic 
property is shown for each response group in Fig. 2.4.  Element cover variables had 
the most important and independent influence on the richness of all three sub-groups 
of birds in mosaics.  However, for total species richness in mosaics, landscape 
context had the most important effect while configuration measures made, 
proportionally, the highest independent contribution.        
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Fig. 2.4.  Comparison of the importance of effect of different properties of mosaic 
structure for each response group: a) the highest predictor importance value of any 
variable representing element cover, configuration, heterogeneity and landscape 
context, respectively; b) the summed independent contributions of variables 
representing each mosaic property (expressed as a proportion of the total for all 
variables). 
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2.5  Discussion  
 
2.5.1  Mosaic properties and bird richness 
We recorded 106 bird species in systematic surveys of all types of landscape 
elements in 27 land mosaics typical of rural environments in southern Australia.  The 
cover, configuration and heterogeneity of element types in these farm-scale mosaics 
(1 km2), and the broader landscape context of the mosaic, each had important effects 
on bird species richness.  Notably, the relative influence of each mosaic property on 
species richness varied between groups of birds depending on their habitat 
requirements.  The richness of sub-groups of birds was most strongly affected by the 
relative cover of different elements within the farm mosaic.  Woodland species were 
richer in mosaics with a greater cover of native vegetation, while the richness of open-
tolerant and open-country species was positively related to the proportion of 
countryside elements in the mosaic, namely scattered trees and pasture.  In contrast, 
total species richness showed the strongest relationship with the heterogeneity of the 
mosaic and its landscape context (extent of surrounding native vegetation).   
 
These results are consistent with a trend emerging from a range of studies in which 
faunal groups were sampled in ‘whole’ mosaics (Bennett et al. 2006).  For individual 
species, or the richness of habitat-based groups, the extent of habitat in the landscape 
generally is the strongest influence (Bennett and Ford 1997, Trzcinski et al. 1999, 
Radford et al. 2005); while for complete assemblages of a taxon, a measure of 
landscape heterogeneity is often the strongest predictor of richness (Pino et al. 2000, 
Weibull et al. 2000, Atauri and de Lucio 2001).  The influence of the overall amount of 
habitat on the occurrence of species in modified landscapes has been recognised 
mainly for species that rely on natural vegetation in increasingly fragmented 
landscapes (e.g. Fuller et al. 1997, Trzcinski et al. 1999, Radford et al. 2005).  
However, habitat cover at the landscape scale appears equally important for species 
for which other landscape elements serve as habitat, such as open-country species in 
this study, or cropland birds in Spain (Pino et al. 2000).  This is emphasised by 
41 
Chapter 2 – Species richness in agricultural mosaics 
variation in the relative contribution of open-country species, as well as woodland 
species, to the overall bird assemblage as the cover of their preferred element type in 
the mosaic changes (Fig. 2.3).   
 
The effect of spatial configuration on bird richness was relatively weak when 
compared to other mosaic properties.  Other research has identified that configuration 
measures can have strong effects on species occurrence in modified landscapes 
(McGarigal and McComb 1995, Villard et al. 1999).  Such research has focussed on 
the effect of the configuration of a single habitat type on species dependent on that 
habitat (e.g. the influence of forest configuration on forest birds).  In this study, all 
types of landscape element contributed to measures of mosaic configuration.  This 
factor may have reduced the strength of the relationships we observed.   
 
The number of different types of elements in mosaics generally had a stronger effect 
on bird richness variables than did a measure of their evenness.  This suggests that 
having a diverse range of landscape elements will positively affect species richness, 
even if some cover only a small proportion of the agricultural landscape.  The 
importance of small residual habitats (e.g. shrubby areas, semi-natural grasslands, 
scattered trees) as an influence on biota has been reported for a range of agricultural 
landscapes (Berg 2002, Fischer et al. 2004), and fine-scaled heterogeneity is 
particularly emphasised in cultural landscapes in Europe (Farina 1997, Pino et al. 
2000, Herzon and O'Hara 2007).  The positive relationship between landscape 
heterogeneity and bird species richness may be related, in part, to the process of 
landscape complementation (Dunning et al. 1992, Fuller et al. 2004).  For example, a 
range of farmland birds in Europe use different types of landscape elements for 
foraging and breeding (Atkinson et al. 2002, Berg 2002, Fuller et al. 2004).  Likewise, 
in this study area species such as the Eastern Rosella feed in grasslands but require 
tree hollows (located among scattered trees or native vegetation) for nesting.   
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2.5.2  Countryside elements in agricultural landscapes 
Countryside elements such as scattered trees, tree plantations, roadside strips and 
fencerows are important components of agricultural landscapes throughout the world 
(Hinsley and Bellamy 2000, Daily et al. 2001, Manning et al. 2006) and increase the 
heterogeneity of habitats and resources within these systems (Petit et al. 1999, 
Benton et al. 2003, Fischer et al. 2005).  In addition, countryside elements may 
improve the functional connectivity of modified landscapes (Donald and Evans 2006) 
by providing corridors or stepping stones that facilitate animal movements between 
local patch populations (Hinsley and Bellamy 2000, Fischer and Lindenmayer 2002b) 
or by providing resources that animals can use (Ricketts 2001, Wethered and Lawes 
2003).  In Australia, many birds use elements such as isolated or scattered trees 
(Fischer and Lindenmayer 2002b) and linear strips (Cale 1990, Bennett 1991) to move 
through agricultural landscapes. 
 
The value of different types of countryside elements warrants greater attention as it 
has practical implications for landscape restoration.  Current recommendations for 
conservation in rural environments in Australia emphasise the role of remnant native 
vegetation, particularly large blocks among farmland.  However, growing empirical 
evidence of the ecological values of elements such as shelterbelts, agroforestry 
plantations, roadside strips and scattered trees in pasture, suggests the need for a 
greater appreciation of these elements.  Protection and sympathetic management of 
remnant natural vegetation must be the first priority, but where economic constraints 
limit the capacity to re-establish large blocks of indigenous vegetation, semi-natural 
components that have both economic and conservation benefits (such as wide 
shelterbelts) are an alternative.  Clearly, there will be a benefit from understanding 
more fully, and maximising, the functional roles that countryside elements can play in 
agricultural landscapes.  For example, due to the potential for countryside elements to 
facilitate species’ movement between habitat fragments, Perfecto and Vandermeer 
(2002) suggest that increasing the quality of countryside elements might be more 
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effective in mitigating the effects of habitat fragmentation in agricultural landscapes, in 
terms of time and resource expenditure, than creating narrow, high-quality corridors.  
In this study area, protection and management of existing elements such as scattered 
trees in farmland will enhance connectivity for mobile species such as birds.   
 
It should also be recognised, however, that low quality countryside elements may act 
as population sinks (Perfecto and Vandermeer 2002, Wethered and Lawes 2003) and 
may attract and harbour species, such as invasive or predatory species, that 
negatively affect other species (Andrén 1992, Steffan-Dewenter 2003).   
 
2.5.3  Caveats 
Variables representing the properties of study mosaics were successful in accounting 
for 24% (open-tolerant species) to 76% (open-country species) of the variation in bird 
species richness.  Other factors may be responsible for unexplained variation.  First, 
our classification of landscape elements may not accurately reflect the way birds on 
the Gippsland Plains perceive the environment.  For example, we included no 
measure of the natural floristic and structural variation within native vegetation, linear 
vegetation or plantation.  Second, we did not include any indication of the quality (only 
the extent) of different landscape elements in study mosaics.  The strong effect of the 
types of habitat components at a site (e.g. shrub cover, litter depth, tree hollows) on 
habitat use by birds is well understood.  Third, the occurrence of some species might 
be more strongly affected by interspecific interactions than landscape characteristics 
(Loyn 1987, Mac Nally et al. 2000).  For example, one common species in the study 
area, the Noisy Miner Manorina melanocephala, aggressively excludes small 
insectivores from remnant woodlands (Grey et al. 1997).  Last, the spatial scale of our 
investigation was fixed (1 km2) and is unlikely to be the scale at which all bird species 
respond to measures of mosaic structure.  While our results confirm that mosaic 
properties do affect birds at this scale, they show that species respond to landscape  
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structure at a broader scale also, as evidenced by the strong effect of landscape 
context on total species richness in mosaics. 
 
2.5.4  Conservation implications 
This study was designed to examine the relative influence of different properties of 
agricultural mosaics at a scale relevant to management of individual farm properties.  
Our results show that individual landowners can make an important contribution to the 
conservation of native birds in this agricultural region.  Two properties of agricultural 
land mosaics had a particularly strong influence on bird richness, and both are directly 
amenable to management actions.  First, the extent of native vegetation positively 
affected the richness of woodland birds, those of greatest conservation concern in 
Australia due to their sensitivity to habitat loss (Ford et al. 2001).  The relationship 
between species richness and amount of native vegetation is well recognised at the 
patch level (i.e. species-area relationship) (Loyn 1987, Mac Nally et al. 2000), but our 
landscape-level approach adds a further dimension.  It highlights the importance of 
the cumulative amount of native vegetation on farms, with even small patches 
contributing to the overall conservation value.  Likewise, it signals that clearing of 
individual patches is not an independent event but has wider consequences for the 
overall landscape.  
 
Second, maintaining heterogeneous agricultural mosaics will have a positive effect on 
the overall richness of bird species.  Given the positive relationship between 
landscape heterogeneity and species richness for a broad range of taxa in agricultural 
landscapes (Weibull et al. 2000, Atauri and de Lucio 2001), land-use trends that 
homogenise these systems are of concern throughout the world (Berg 2002, Benton 
et al. 2003).  Loss of heterogeneity in agricultural landscapes can occur as a result of 
an increase in the intensity of land management, an increase in the size of production 
units (crops, pastures), or simply as a consequence of ‘tidying up’ residual elements in 
farmland (e.g. dead or fallen trees, log piles, small wetlands).  On the other hand, land 
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managers can actively enhance heterogeneity by protecting diverse elements such as 
wetlands, streams and clumps of trees, by adding vegetation along fencelines 
(shelterbelts), establishing agroforestry plantations, or planting indigenous vegetation 
in the corners of farm paddocks. 
 
Finally, in addition to farm-scale measures, the overall richness of bird species in 
agricultural mosaics is influenced by the landscape context; in this case, the extent of 
native vegetation within 2 km surrounding the mosaic.  This highlights the importance 
of complementing conservation and management actions on individual farms with a 
conservation strategy at broader scale that integrates actions across multiple 
properties, and on both private and public land.
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Appendix 2.1.  Classification of 106 bird species recorded in study mosaics, in terms of 
their habitat-association group, and the number of mosaics in which they were 
recorded.  Asterisks indicate exotic species.  
 
 
Common name Scientific name Habitat-association group Mosaics 
Australasian Grebe Tachybaptus novaehollandiae Aquatic habitat 3 
Australian King-Parrot Alisterus scapularis Woodland 2 
Australian Magpie Gymnorhina tibicen Open-country 27 
Australian Shelduck Tadorna tadornoides Aquatic habitat 12 
Australian White Ibis Threskiornis molucca Aquatic habitat 2 
Australian Wood Duck Chenonetta jubata Aquatic habitat 20 
Bassian Thrush Zoothera lunulata Woodland 1 
Black Swan Cygnus atratus Aquatic habitat 4 
Black-faced Cuckoo-Shrike Coracina novaehollandiae Open-tolerant 24 
Black-fronted Dotterel Elseyornis melanops Aquatic habitat 2 
Black-winged Stilt Himantopus himantopus Aquatic habitat 1 
Brown Thornbill Acanthiza pusilla Woodland 23 
Brown-headed Honeyeater Melithreptus brevirostris Woodland 18 
Brush Cuckoo Cacomantis variolosus Woodland 1 
Buff-rumped Thornbill Acanthiza reguloides Woodland 13 
Common Blackbird* Turdus merula Open-tolerant 2 
Common Bronzewing Phaps chalcoptera Woodland 23 
Common Myna* Acridotheres tristis Open-country 18 
Common Starling* Sturnus vulgaris Open-country 23 
Crescent Honeyeater Phylidonyris pyrrhoptera Woodland 2 
Crested Shrike-tit Falcunculus frontatus Woodland 2 
Crimson Rosella Platycercus elegans Woodland 27 
Diamond Firetail Stagonopleura guttata Woodland 1 
Dusky Moorhen Gallinula tenebrosa Aquatic habitat 1 
Dusky Woodswallow Artamus cyanopterus Woodland 7 
Eastern Rosella Platycercus eximius Open-tolerant 27 
Eastern Spinebill Acanthorhynchus tenuirostris Woodland 23 
Eastern Whipbird Psophodes olivaceus Woodland 7 
Eastern Yellow Robin Eopsaltria australis Woodland 19 
Emu Dromaius novaehollandiae Open-tolerant 4 
Eurasian Coot Fulica atra Aquatic habitat 1 
European Goldfinch* Carduelis carduelis Open-country 4 
Fan-tailed Cuckoo Cacomantis flabelliformis Woodland 11 
Flame Robin Petroica phoenicea Open-tolerant 5 
Flycatcher Sp Myiagra sp. Woodland 12 
Galah Eolophus roseicapilla Open-country 18 
Gang-gang Cockatoo Callocephalon fimbriatum Woodland 12 
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Common name Scientific name Habitat-association group Mosaics 
Golden Whistler Pachycephala pectoralis Woodland 26 
Grey Butcherbird Cracticus torquatus Open-tolerant 26 
Grey Currawong Strepera versicolor Woodland 11 
Grey Fantail Rhipidura fuliginosa Woodland 27 
Grey Shrike-thrush Colluricincla harmonica Woodland 26 
Hardhead Aythya australis Aquatic habitat 5 
Horsfield's Bronze-Cuckoo Chrysococcyx basalis Woodland 2 
House Sparrow* Passer domesticus Open-country 1 
Jacky Winter Microeca leucophaea Woodland 25 
Laughing Kookaburra Dacelo novaeguineae Open-tolerant 27 
Little Corella Cacatua sanguinea Open-tolerant 1 
Little Wattlebird Anthochaera chrysoptera Woodland 4 
Magpie-lark Grallina cyanoleuca Open-country 23 
Masked Lapwing Vanellus miles Open-country 9 
Mistletoebird Dicaeum hirundinaceum Woodland 14 
Musk Lorikeet Glossopsitta concinna Open-tolerant 12 
New Holland Honeyeater Phylidonyris novaehollandiae Woodland 6 
Noisy Friarbird Philemon corniculatus Woodland 10 
Noisy Miner Manorina melanocephala Open-tolerant 26 
Olive-backed Oriole Oriolus sagittatus Woodland 23 
Pacific Black Duck Anas superciliosa Aquatic habitat 13 
Pallid Cuckoo Cuculus pallidus Open-tolerant 7 
Pied Currawong Strepera graculina Woodland 22 
Rainbow Lorikeet Trichoglossus haematodus Open-tolerant 7 
Raven Sp Corvus sp. Open-country 25 
Red Wattlebird Anthochaera carunculata Woodland 26 
Red-browed Finch Neochmia temporalis Woodland 6 
Red-kneed Dotterel Erythrogonys cinctus Aquatic habitat 1 
Restless Flycatcher Myiagra inquieta Open-tolerant 2 
Richard's Pipit Anthus novaeseelandiae Open-country 19 
Rose Robin Petroica rosea Woodland 2 
Royal Spoonbill Platalea regia Aquatic habitat 2 
Rufous Fantail Rhipidura rufifrons Woodland 4 
Rufous Whistler Pachycephala rufiventris Woodland 26 
Sacred Kingfisher Todiramphus sanctus Woodland 13 
Satin Bowerbird Ptilonorhynchus violaceus Woodland 4 
Scarlet Robin Petroica multicolor Woodland 17 
Shining Bronze-Cuckoo Chrysococcyx lucidus Woodland 5 
Silvereye Zosterops lateralis Open-tolerant 6 
Skylark* Alauda arvensis Open-country 5 
Spotted Pardalote Pardalotus punctatus Woodland 21 
Spotted Turtle-Dove* Streptopelia chinensis Open-tolerant 1 
Straw-necked Ibis Threskiornis spinicollis Aquatic habitat 11 
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Common name Scientific name Habitat-association group Mosaics 
Striated Pardalote Pardalotus striatus Open-tolerant 24 
Striated Thornbill Acanthiza lineata Woodland 24 
Stubble Quail Coturnix pectoralis Open-country 14 
Sulphur-crested Cockatoo Cacatua galerita Open-tolerant 27 
Superb Fairy-wren Malurus cyaneus Woodland 25 
Tree Martin Hirundo nigricans Woodland 14 
Varied Sittella Daphoenositta chrysoptera Woodland 20 
Weebill Smicrornis brevirostris Woodland 19 
Welcome Swallow Hirundo neoxena Open-country 21 
White-browed Scrubwren Sericornis frontalis Woodland 21 
White-eared Honeyeater Lichenostomus leucotis Woodland 20 
White-faced Heron Egretta novaehollandiae Aquatic habitat 8 
White-fronted Chat Epthianura albifrons Open-country 2 
White-naped Honeyeater Melithreptus lunatus Woodland 8 
White-necked Heron Ardea pacifica Aquatic habitat 1 
White-throated Gerygone Gerygone olivacea Woodland 1 
White-throated Needletail Hirundapus caudacutus Open-country 5 
White-throated Treecreeper Cormobates leucophaeus Woodland 21 
White-winged Chough Corcorax melanorhamphos Woodland 22 
White-winged Triller Lalage sueurii Woodland 3 
Willie Wagtail Rhipidura leucophrys Open-country 24 
Wonga Pigeon Leucosarcia melanoleuca Woodland 1 
Yellow Thornbill Acanthiza nana Woodland 20 
Yellow-faced Honeyeater Lichenostomus chrysops Woodland 21 
Yellow-rumped Thornbill Acanthiza chrysorrhoa Open-tolerant 21 
Yellow-tailed Black-Cockatoo Calyptorhynchus funereus Woodland 9 
 
 
Chapter 3 
 
Landscape properties and life-history traits influence the 
composition of bird assemblages in agricultural mosaics 
 
 
A Sulphur-crested Cockatoo Cacatua galerita sitting on a tree hollow Glenn Ehmke 
 
 
 
Scattered paddock trees often provide tree hollows for birds in farmland 
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3.1  Abstract 
 
Agricultural environments have an increasingly important role in the conservation of 
native biota and, consequently, it is essential to understand how the properties of such 
landscapes influence the assemblages that inhabit them.  We examined the 
composition of avifaunal assemblages in 27 farmland mosaics (each 1 x 1 km) in 
south-eastern Australia, selected to incorporate variation in two main properties: the 
cover of native vegetation and richness of landscape ‘elements’ (i.e. land-use types).  
In each mosaic, birds were surveyed at 15 points stratified among seven types of 
element, including both native and countryside (‘matrix’) vegetation.  Patterns in avian 
assemblages of mosaics were identified by using correspondence analysis based on 
presence/absence data for 73 species.  Avifaunal composition showed systematic 
variation along two main gradients which were readily interpreted in relation to 
landscape properties: 1) a gradient in the cover of wooded vegetation and, 2) the 
proportional composition of vegetation types in the mosaic.  These gradients 
represent common trajectories of landscape modification associated with agricultural 
development: namely, the removal of wooded vegetation and the replacement of 
native species with exotic vegetation (e.g. crops and plantations).  To test whether 
assemblage patterns were related to ecological characteristics, bird species were 
classified by six life-history traits.  Species that possessed different characteristics in 
relation to three traits (nest type, feeding guild and clutch size) varied significantly in 
their position along the gradients of landscape modification.  Open-nesting species 
were more common in mosaics with a greater cover of wooded vegetation while 
ground- and hollow-nesting birds were associated with mosaics dominated by pasture 
and scattered trees.  In contrast, insectivores and nectarivores were more common in 
mosaics with a greater cover of vegetation composed of native species whereas 
granivores and frugivores were more common in mosaics with a greater amount of 
exotic vegetation types.  Our results show that: 1) the proportional composition, rather 
than spatial configuration or heterogeneity, of landscape elements had the greatest 
influence on avifaunal composition in farm mosaics; 2) management actions that alter 
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the proportional cover of vegetation types in agricultural landscapes alter bird 
assemblages in predictable ways; and 3) changes in resource availability associated 
with agricultural development has a disproportionate effect on subsets of species, 
based on their ecological requirements and life-history attributes. 
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3.2  Introduction 
 
A pressing challenge facing conservation in the 21st century is to identify ways in 
which agricultural environments can be managed to provide for the needs of the 
human population as well as the native biota.  Land management for production and 
conservation objectives often conflicts, and in many countries depends on different 
components of the landscape (Sutherland 2004, Vandermeer and Perfecto 2007).  
Production objectives, for example, are met in the countryside ‘elements’ (i.e. distinct 
land-uses or vegetation types) that collectively dominate these environments, such as 
crops, plantations and pastoral areas.  In contrast, many native species primarily 
depend on natural and semi-natural elements, such as patches of remnant forest and 
riparian strips, which occur amongst the countryside elements.  The ability of 
agricultural environments to sustain both conservation and production activities in the 
long-term will depend on the successful integration of these objectives (Daily 2001).  
The importance of this goal is underscored by the reliance of sustainable agriculture 
on healthy ecosystem function (Daily 1997, Foley et al. 2005), and the reality that 
existing conservation reserves hold only a limited and incomplete representation of 
natural ecosystems (Brooks et al. 2004). 
 
Agricultural landscapes have ‘emergent’ properties associated with the composition 
and spatial configuration of their component element types (Wiens 1995a, Bennett 
and Radford 2007).  Quantification of these landscape properties provides an 
opportunity to examine the interaction between the ‘natural’ elements and the 
countryside elements in agricultural landscapes.  A greater understanding of the 
relationship between landscape properties and faunal occurrence has the potential to 
enhance the integration of conservation and production objectives in agricultural 
environments.  However, drawing meaningful inference about the relative influence of 
different landscape properties requires a whole-of-landscape approach (cf. patch-
scale research) in which independent landscapes are the unit of study (Fahrig 2003, 
Bennett et al. 2006, Radford and Bennett 2007).   
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Most landscape-scale studies in agricultural environments have investigated the effect 
of landscape structure on the occurrence of individual species (Trzcinski et al. 1999, 
Bailey et al. 2002) or have used broad measures, such as species richness and total 
abundance, to represent biotic assemblages (Böhning-Gaese 1997, Atauri and de 
Lucio 2001).  Less is known about the influence of landscape properties on the 
composition of entire faunal communities (but see Fuller et al. 1997, Millán de la Peña 
et al. 2003, Dormann et al. 2007).  Such community level analyses are valuable 
because they reveal information about the functioning of biotic assemblages that 
simple indices do not (Root 1967).  Thus, they provide a more direct understanding of 
how future changes to landscapes may influence species assemblages and 
associated community function (Hansen and Urban 1992, Canterbury et al. 2000, 
Hausner et al. 2003).  This understanding is particularly important in agricultural 
environments because management practices alter landscape structure in both the 
short and longer term.  
 
In this study, we employ a whole-of-landscape approach to investigate the relative 
influence of different landscape properties on the composition of bird assemblages in 
agricultural mosaics.  Study mosaics represent a gradient in the fragmentation of 
native vegetation and landscape modification by agricultural production.  Bird species 
were classified in relation to ecological life-history traits to examine whether there was 
an ecological basis for any response to such landscape change.  Specifically, we 
asked: 
1) Do bird assemblages show systematic variation in composition in relation to 
gradients of change in agricultural landscapes? 
2) What is the relative influence of different properties of agricultural mosaics on the 
composition of bird assemblages? 
3) Is variation in the response of bird assemblages related to the life-history traits of 
bird species? 
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3.3  Methods 
 
3.3.1  Study area 
The study was undertaken in an area of approximately 1250 km² on the Gippsland 
Plains in eastern Victoria, Australia (Fig. 2.1, Chapter 2).  Lying between the Great 
Dividing Range in the north, and the Gippsland Lakes in the south, the Gippsland 
Plains is a lowland region (elevation < 120 m) of alluvial and coastal plains (Ward 
1977, Lunt 1997b).  Climatic conditions are temperate and the annual rainfall is 
moderate (mean 700 mm) (Ward 1977, Land Conservation Council Victoria 1982).  
Naturally occurring vegetation in the region has largely been cleared (86% loss) for 
agricultural production; sheep and cattle grazing is widespread and tree plantations 
are common in localised areas.  Remnant native vegetation is dominated by 
Gippsland Red Gum Eucalyptus tereticornis subsp. mediana and White Stringybark E. 
globoidea; other common canopy species include Coastal Manna Gum E. viminalis 
subsp. pryoriana, Red Box E. polyanthemos subsp. vestita, and Apple Box E. 
bridgesiana.  Understorey strata are dominated by Saw Banksia Banksia serrata and 
Austral Bracken Pteridium esculentum together with grassland and heathland species 
(Land Conservation Council Victoria 1982, Lunt 1997a).   
 
3.3.2  Study design 
Twenty-seven agricultural mosaics, each 1 x 1 km (100 ha), were sampled.  This size 
is small enough to allow replication of whole mosaics, and the thorough sampling of 
landscape elements present in each, yet large enough to inform land management at 
the farm scale.  Study mosaics were selected to incorporate a range of variation in two 
landscape properties: cover of native vegetation and richness of landscape elements.  
Native vegetation cover in mosaics varied as follows: seven mosaics had < 30% 
cover, 11 had between 30 – 60% cover, and nine had > 60% cover.   
 
Eight types of landscape element, each with distinct structural attributes and habitat 
resources, were recognised (Haslem and Bennett 2008a [Chapter 2]).  They are 
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common elements in the study region and are characteristic of agricultural 
environments in Australia and other countries (Fuller et al. 1997, Fischer et al. 2005).   
1) Native vegetation: patch of remnant or regenerating native vegetation; subject to 
relatively low levels of anthropogenic disturbance.   
2) Linear vegetation: linear strip of vegetation (width ≤ 50 m) primarily composed of 
native vegetation, or infrequently planted shelterbelts of native or exotic trees; subject 
to increased disturbance intensity and frequency. 
3) Tree plantation: patch of pine (Pinus radiata) or non-indigenous eucalypt (E. 
globulus) plantation. 
4) Scattered paddock trees: grassy area of widely-spaced (thinned) native trees, 
commonly lacking understorey and grazed by domestic stock. 
5) Pasture: grassy area cleared of canopy and understorey vegetation, commonly 
grazed by stock (<20% of sample points contained an isolated tree). 
6) Wetland: area of native vegetation subject to constant or ephemeral flooding. 
7) Farm dam: anthropogenic water source. 
8) Disturbed: area subject to regular human activity (e.g. roads).   
 
Six mosaics contained between one and three different types of element, 13 had four 
or five elements, and eight had six or more elements.   
 
3.3.3  Properties of mosaics 
Three properties of mosaic structure were quantified: the proportional cover of 
different landscape elements (n = 3 variables), the configuration of elements (n = 2), 
and the heterogeneity of elements in mosaics (n = 2) (Haslem and Bennett 2008a 
[Chapter 2]).  A final variable measured the landscape context of mosaics, in terms of 
the extent of surrounding native vegetation cover.  This variable (OutVeg) quantified 
the cover (ha) of native vegetation within a buffer area of 2 km radius (2030 ha) 
around each mosaic.   
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Variables quantifying the proportional cover of landscape elements within mosaics 
were derived from a principal components analysis (PCA) which incorporated data on 
the cover (ha) of each landscape element and length of roads (m) in each mosaic.  
Wetlands and farm dams were represented by the number present rather than area 
covered.  Variables were transformed, where necessary, to meet the assumptions of 
the PCA and components were rotated using the varimax method.  The first three 
components of the PCA explained a combined 77.2% of the variation in the original 
variables.  PC1 measured a gradient in native vegetation cover, ranging from mosaics 
with greater cover of native vegetation to those with increased cover of pasture and 
numerous farm dams.  PC2 quantified the density of roads and road-associated 
elements (e.g. linear vegetation, disturbed areas) in mosaics.  PC3 represented a 
gradient in countryside elements, from mosaics with high cover of scattered trees to 
those with a high cover of plantations. 
  
Mosaic configuration was measured by the number of patches (Patch), and an index 
of the shape-complexity of patches in mosaics (the area-weighted mean of the 
perimeter:area ratio of all patches; Shape).  All patches in study mosaics, regardless 
of element type, were included in the calculation of these variables.  Mosaic 
heterogeneity was quantified by the number of different landscape elements in the 
mosaic (Rich), and a measure of the evenness of their distribution in terms of area 
(the Shannon evenness index; Even).  Configuration and heterogeneity variables were 
calculated using FRAGSTATS v.3.3 (McGarigal et al. 2002) in association with 
ArcMap v.9.  Both Patch and Rich were scaled between zero and one, therefore 
providing a measure that was relative to the maximum recorded in any mosaic.  
Shape and OutVeg were log10 transformed to improve the normality of their 
distribution.   
 
With the exception of PC2 and PC3, all variables were strongly correlated with the 
gradient of native vegetation cover in mosaics (PC1).  To remove this collinearity 
between variables, all were individually regressed against PC1 and the resulting 
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residuals (designated adjusted variables: Xadj) were used to provide a measure of 
each that was independent of native vegetation cover (all tolerances > 0.1) (Quinn and 
Keough 2002). 
 
3.3.4  Bird surveys 
Fifteen fixed sampling points were distributed among landscape elements (except 
disturbed areas), stratified in proportion to the cover of each element in the mosaic.  
Point counts of birds were undertaken at each sample point, with all species seen or 
heard within a 10 min period recorded by a single observer (AH).  Each sample point 
was surveyed on six occasions; three each in the breeding and non-breeding months 
of a one-year period (October 2004 – August 2005).  Therefore, a total of 90 point 
counts was undertaken in each mosaic.  The sequential order of bird surveys, both 
within and between mosaics, was varied between consecutive survey rounds.           
 
A complete list of all bird species recorded in each study mosaic was compiled.  To 
eliminate misclassifications, records of Australian Raven Corvus coronoides and Little 
Raven C. mellori were combined, as were those of Satin Flycatcher Myiagra 
cyanoleuca and Leaden Flycatcher M. rubecula.  Records of raptors and waterbird 
species were excluded: raptors were inadequately sampled during point counts, and 
waterbirds differ from terrestrial species with respect to life-history traits used in later 
analyses.  Species recorded in less than three of the 27 study mosaics were also 
removed from the final species list for each mosaic due to their potential, as ‘rare’ 
species, to exert a disproportionate influence on the results of the correspondence 
analysis conducted later (Jongman et al. 1995). 
 
All bird species were classified on the basis of six life-history traits believed to 
influence the response of species to habitat fragmentation and landscape alteration 
(Henle et al. 2004, Ewers and Didham 2006) (Table 3.1).  Classification followed 
various sources of published information, and references therein (Marchant and 
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Higgins 1990, 1993, Higgins and Davies 1996, Higgins 1999, Higgins et al. 2001, 
Griffioen and Clarke 2002, Higgins and Peter 2002, 2006, Radford and Bennett 2005).   
 
Body mass (mean of both sexes) was used as a surrogate for body size.  Mean clutch 
size provided a measure of a species reproductive capacity.  Migration strategy 
indicated a species mobility and dispersal potential.  Feeding guilds were used to 
measure the trophic structure of bird assemblages.  Foraging substrate and nest type 
each provided information on a species’ habitat requirements. 
 
3.3.5  Statistical analyses 
A Mantel test was used to determine whether bird assemblages in different mosaics 
were spatially independent.  This test was undertaken using the ape package v.1.8 
(Bolker and Claude 2005) in association with the R statistical package v.2.0 (Ihaka 
and Gentleman 1996). 
 
Correspondence analysis (CA), based on the presence or absence of species in each 
mosaic, was used to identify patterns in bird assemblages across mosaics.  This 
ordination method determines the similarity of mosaics in terms of bird occurrence, 
and the similarity of bird species in terms of the mosaics in which they occurred.  
Thus, it generates two sets of scores for each orthogonal component produced; one 
relating to study mosaics and the other to bird species (Jongman et al. 1995).  These 
scores were used to relate variation in the bird assemblage identified by the analysis 
to: a) structural properties of mosaics, and; b) life-history traits of birds.  The 
correspondence analysis was undertaken using GenStat v.8.1 (VSN International 
2005).   
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Table 3.1.  Categories within each life-history trait used to classify bird species and the 
number of species belonging to each.  Where applicable, codes for each category (see 
Table 3.2) are shown in parentheses.  Migration strategies are adapted from Griffioen 
and Clarke (2002).  
 
Life-history trait Categories No. of species 
Body size < 10 g 9 
 10 < 20 g 18 
 20 < 40 g 11 
 40 < 100 g 12 
 100 < 200 g 9 
 200 < 500 g 10 
 ≥ 500 g 4 
Clutch size  1 egg 8 
 2 eggs 33 
 3 eggs 19 
 4 eggs 8 
 ≥ 5 eggs 4 
Migration strategy No movement (A) 40 
 Local movement (B) 13 
 Coastal: southern (C) 3 
 East coast (D) 5 
 Inland (E) 10 
 Tas/Vic fan1 (F) 1 
Feeding guild Nectarivore (G) 9 
 Insectivore (H) 44 
 Granivore (I) 10 
 Frugivore (J) 5 
 Vertebrate feeding (K) 5 
Foraging substrate Ground (L) 31 
 Shrub (M) 6 
 Bark (N) 2 
 Canopy (O) 30 
  Aerial (P) 4 
Nest type Ground (Q) 5 
 Open (R) 48 
 Tree hollow (S) 15 
 Parasitic (T) 3 
 Tunnel1 (U) 1 
1 excluded from Analyses of Variance 
Note: One inter-continental summer migrant (White-throated Needletail 
Hirundapus caudacutus) was not classified by clutch size, migration 
strategy or nest type.    
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Pearson correlations were used to investigate the relationship between mosaic scores 
on the first three components of the correspondence analysis and the variables 
describing mosaic structure.  The first two components (CA1 and CA2) showed the 
strongest, and most interpretable, relationship with mosaic properties.  Further 
investigation of the association between the bird assemblage, mosaic properties, and 
species life-history traits was restricted to these components. 
 
Species scores on the first two components of the correspondence analysis were 
averaged for species belonging to the same category in each life-history trait.  These 
averaged species scores indicate the mean position, on the assemblage gradients, of 
birds possessing different traits.  If life-history traits are associated with differing 
responses to landscape change, then it can be expected that the mean position along 
assemblage gradients will differ for species representing different categories of a trait.  
One-way analyses of variance (ANOVAs) were used to test whether there was 
significant variation between the mean species score (on each component of the 
correspondence analysis) for different categories in each life-history trait.  Two 
categories, each containing only one species, were excluded from the ANOVAs (see 
Table 3.1).   
 
 
3.4  Results 
 
3.4.1  Bird occurrence 
Seventy-three bird species were recorded in three or more study mosaics; four were 
exotic species and six were recorded in all 27 mosaics (Table 3.2).  Overall, species 
were recorded in an average of 16 mosaics and the mean number of species 
recorded per mosaic was 44 (range: 22 – 55). 
 
The Mantel test for spatial autocorrelation showed that bird assemblages within study 
mosaics were spatially independent (z = 24.366, P = 0.102). 
Common name Scientific name Mosaics Body size 
(g) 
Clutch size 
(mean) 
Migration 
strategy 
Feeding 
guild 
Foraging 
substrate 
Nest type 
Australian Magpie Gymnorhina tibicen 27 336 3.3 A H L R 
Crimson Rosella Platycercus elegans 27 135 4.4 A I O S 
Eastern Rosella Platycercus eximius 27 105 5.6 A I L S 
Grey Fantail Rhipidura fuliginosa 27 8 2.7 D H O R 
Laughing Kookaburra Dacelo novaeguineae 27 345 3.0 A K L S 
Sulphur-crested Cockatoo Cacatua galerita 27 895 2.5 A I L S 
Golden Whistler Pachycephala pectoralis 26 25 2.3 C H M R 
Grey Butcherbird Cracticus torquatus 26 90 3.2 A K L R 
Grey Shrike-thrush Colluricincla harmonica 26 65 2.9 A H O R 
Noisy Miner Manorina melanocephala 26 75 3.0 A H O R 
Red Wattlebird Anthochaera carunculata 26 111 2.0 B G O R 
Rufous Whistler Pachycephala rufiventris 26 25 2.5 E H O R 
Raven sp. Corvus sp. 25 590 4.1 A K L R 
Superb Fairy-wren Malurus cyaneus 25 11 3.5 B H L R 
Black-faced Cuckoo-Shrike Coracina novaehollandiae 24 115 2.5 E H O R 
Jacky Winter Microeca leucophaea 24 15 1.9 A H L R 
Striated Thornbill Acanthiza lineata 24 7 2.9 A H O R 
Willie Wagtail Rhipidura leucophrys 24 18 3.1 B H L R 
Brown Thornbill Acanthiza pusilla 23 7 2.9 A H M R 
Common Bronzewing Phaps chalcoptera 23 335 1.8 A I L R 
Magpie-lark Grallina cyanoleuca 23 85 3.8 A H L R 
Striated Pardalote Pardalotus striatus 23 12 4.0 E H O S 
Common Starling* Sturnus vulgaris 22 80 4.6 A H L S 
 
 
Table 3.2.  Bird species ordered by the number of mosaics in which they were recorded, and their classification by six life-history traits 
(see Table 3.1 for details of category codes).  Asterisks indicate exotic species. 
 
 Common name Scientific name Mosaics Body size 
(g) 
Clutch size 
(mean) 
Migration 
strategy 
Feeding 
guild 
Foraging 
substrate 
Nest type 
Eastern Spinebill Acanthorhynchus 
tenuirostris 
22 11 2.2 B G O R 
Olive-backed Oriole Oriolus sagittatus 21 95 2.8 E H O R 
Spotted Pardalote Pardalotus punctatus 21 9 4.0 B H O U 
Welcome Swallow Hirundo neoxena 21 15 3.7 E H P R 
White-browed Scrubwren Sericornis frontalis 21 14 2.8 A H M R 
White-throated Treecreeper Cormobates leucophaeus 21 22 2.5 A H N S 
White-winged Chough Corcorax melanorhamphos 21 360 4.4 A H L R 
Yellow-rumped Thornbill Acanthiza chrysorrhoa 21 9 3.2 B H L R 
Yellow-faced Honeyeater Lichenostomus chrysops 20 17 2.4 D G O R 
Eastern Yellow Robin Eopsaltria australis 19 20 2.3 A H L R 
Richard's Pipit Anthus novaeseelandiae 19 26 2.8 B H L Q 
Varied Sittella Daphoenositta chrysoptera 19 13 2.6 B H N R 
White-eared Honeyeater Lichenostomus leucotis 19 22 2.1 A H O R 
Yellow Thornbill Acanthiza nana 19 7 3.1 A H O R 
Common Myna* Acridotheres tristis 18 130 3.6 A H L S 
Galah Eolophus roseicapilla 18 330 3.7 A I L S 
Pied Currawong Strepera graculina 18 300 3.1 A K O R 
Weebill Smicrornis brevirostris 18 6 2.6 A H O R 
Brown-headed Honeyeater Melithreptus brevirostris 17 14 3.0 A G O R 
Scarlet Robin Petroica multicolor 16 13 2.7 A H L R 
Mistletoebird Dicaeum hirundinaceum 14 9 2.8 B J O R 
Tree Martin Hirundo nigricans 14 15 3.8 E H P S 
Buff-rumped Thornbill Acanthiza reguloides 13 8 3.6 A H L R 
Musk Lorikeet Glossopsitta concinna 12 70 2.0 A G O S 
Fan-tailed Cuckoo Cacomantis flabelliformis 11 50 1.0 D H M T 
Flycatcher sp. Myiagra sp. 11 12 1.7 E H O R 
Sacred Kingfisher Todiramphus sanctus 11 40 4.4 E H L S 
 
 Common name Scientific name Mosaics Body size 
(g) 
Clutch size 
(mean) 
Migration 
strategy 
Feeding 
guild 
Foraging 
substrate 
Nest type 
Stubble Quail Coturnix pectoralis 11 105 9.8 B I L Q 
Gang-gang Cockatoo Callocephalon fimbriatum 10 250 2.0 A I O S 
Masked Lapwing Vanellus miles 9 315 3.6 A H L Q 
Noisy Friarbird Philemon corniculatus 9 109 3.0 D G O R 
White-naped Honeyeater Melithreptus lunatus 8 14 2.7 A G O R 
Eastern Whipbird Psophodes olivaceus 7 61 2.0 A H L R 
Grey Currawong Strepera versicolor 7 350 2.5 A K L R 
Rainbow Lorikeet Trichoglossus haematodus 7 125 2.0 A J O S 
Dusky Woodswallow Artamus cyanopterus 6 35 2.9 C H P R 
New Holland Honeyeater Phylidonyris 
novaehollandiae 
6 20 2.2 A G M R 
Red-browed Finch Neochmia temporalis 6 11 5.0 B I L R 
Silvereye Zosterops lateralis 6 11 2.7 C J M P 
Yellow-tailed Black-Cockatoo Calyptorhynchus funereus 6 729 2.0 B I 0 S 
Flame Robin Petroica phoenicea 5 13 2.9 F H L R 
Pallid Cuckoo Cuculus pallidus 5 83 1.0 E H L T 
White-throated Needletail Hirundapus caudacutus 5 118 - - H P - 
Little Wattlebird Anthochaera chrysoptera 4 68 1.7 A G O R 
Shining Bronze-Cuckoo Chrysococcyx lucidus 4 25 1.0 D H O T 
Skylark* Alauda arvensis 4 38 3.3 A H L G 
Emu Dromaius novaehollandiae 3 42001 8.8 B J L Q 
European Goldfinch* Carduelis carduelis 3 14 4.6 A I L R 
Satin Bowerbird Ptilonorhynchus violaceus 3 220 1.8 A J O R 
White-winged Triller Lalage sueurii 3 26 2.4 E H O R 
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3.4.2  Bird assemblage patterns and mosaic properties 
The correspondence analysis identified clear variation in the bird assemblage across 
mosaics.  The first two components of the analysis (CA1 and CA2) described the 
greatest amount of variation in bird composition and were the most interpretable with 
respect to mosaic properties.  They explained 15.2% and 11.2%, respectively, of the 
variation in bird species occurrence across mosaics.  The position of all bird species 
and study mosaics in relation to these two components is shown in Fig. 3.1.   
 
Two predictor variables strongly influenced the position of study mosaics (as defined 
by variation in the bird assemblage) on the first two components of the 
correspondence analysis (Table 3.3).  These variables described the gradient in 
native vegetation cover (PC1) and the gradient in the cover of countryside elements 
(PC3) in mosaics.  Hence, in terms of the variance explained, patterns in bird 
assemblages across study mosaics were primarily driven by the response of bird 
species to two vegetation-cover gradients.   
 
The first component of the correspondence analysis (CA1) represented a sequence of 
mosaics ranging from those with a greater cover of more structurally-complex 
vegetation (native vegetation and tree plantation) to mosaics composed primarily of 
vegetation with lower structural complexity (pasture and scattered trees).  Thus, 
variation in the bird assemblage along CA1 was related to the cover of wooded 
vegetation in mosaics.  Bird species associated with mosaics with greater cover of 
wooded vegetation included Little Wattlebird Anthochaera chrysoptera, Eastern 
Whipbird Psophodes olivaceus and New Holland Honeyeater Phylidonyris 
novaehollandiae.  Species occurring more frequently in mosaics with less wooded 
vegetation included Stubble Quail Coturnix pectoralis, Masked Lapwing Vanellus 
miles and Welcome Swallow Hirundo neoxena.   
  
 
Fig. 3.1.  The position of study mosaics (squares) and bird species (triangles) in relation to the first two components of the 
correspondence analysis based on species presence/absence.  Vegetation types correlated with the position of mosaics on each 
component are shown.   
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Table 3.3.   Pearson correlation coefficients describing the relationship between mosaic 
properties and the scores for each mosaic on the first three components of the 
correspondence analysis based on bird species presence/absence.  * P < 0.05 level.   
 
Mosaic property CA1 CA2 CA3 
PC1 -0.602* 0.450* -0.320 
PC2 -0.127 0.352 0.148 
PC3 0.396* 0.497* 0.424* 
Patchadj 0.147 -0.148 0.333 
Shapeadj -0.031 -0.083 0.128 
Richadj 0.054 -0.001 0.315 
Evenadj 0.163 0.045 -0.338 
OutVegadj 0.328 -0.169 -0.158 
 
 
On the second component of the correspondence analysis (CA2), mosaics ranged 
from those with increased cover of indigenous vegetation (native vegetation and 
scattered trees) to those with a greater cover of elements composed primarily of 
exotic vegetation types (plantation and pasture).  Thus, variation in the bird 
assemblage along CA2 was related to the proportional cover of vegetation types in 
mosaics.  Species associated with mosaics with a greater cover of indigenous 
vegetation included Pallid Cuckoo Cuculus pallidus, Rainbow Lorikeet Trichoglossus 
haematodus and Sacred Kingfisher Todiramphus sanctus.  In contrast, Satin 
Bowerbird Ptilonorhynchus violaceus, Yellow-tailed Black-Cockatoo Calyptorhynchus 
funereus and Silvereye Zosterops lateralis were more common in mosaics with a 
greater cover of exotic vegetation types.   
 
3.4.3  Bird assemblage patterns and avian life-history traits 
Variation in the mean score, from the correspondence analysis, of species belonging 
to different categories of life-history traits was statistically significant for three trait 
groups.  That is, on average, species with different characteristics in relation to these 
traits occurred at different positions along the ordination gradients (Fig. 3.2).   The 
occurrence of species with different nesting requirements (F3,67 = 3.151, P = 0.031) 
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and clutch sizes (F4,67 = 4.113, P = 0.005) varied along the gradient in wooded 
vegetation cover (CA1: Fig. 3.2a, b).  For example, open-nesting species (e.g. Grey 
Fantail Rhipidura fuliginosa, Eastern Spinebill Acanthorhynchus tenuirostris) were 
more common in mosaics with a greater cover of wooded vegetation while species 
nesting on the ground (e.g. Emu Dromaius novaehollandiae, Richard’s Pipit Anthus 
novaeseelandiae) and in tree hollows (e.g. Eastern Rosella Platycercus eximius, 
Galah Eolophus roseicapilla) were more likely to occur in mosaics dominated by 
pasture and scattered trees.    
 
Species belonging to different feeding guilds (F4,68 = 4.029, P = 0.005) were strongly 
influenced by the proportional composition of vegetation types in mosaics (CA2: Fig. 
3.2c).  Insectivores (e.g. Eastern Yellow Robin Eopsaltria australis, Brown Thornbill 
Acanthiza pusilla) and nectarivores (e.g. Brown-headed Honeyeater Melithreptus 
brevirostris, Musk Lorikeet Glossopsitta concinna) were recorded more often in 
mosaics with a greater cover of vegetation dominated by native trees (native 
vegetation and scattered trees) while granivores (Stubble Quail, Sulphur-crested 
Cockatoo Cacatua galerita) and frugivores (Rainbow Lorikeet, Mistletoebird Dicaeum 
hirundinaceum) were more common in mosaics with a greater cover of more modified 
vegetation such as tree plantation and pasture. 
 
There was no difference in mean position in the ordination space of trait groups 
representing migratory strategy, foraging substrate or body size.   
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Fig. 3.2.  Mean position of each life-history trait category (diamonds; including standard 
error bars), and the position of study mosaics (squares), in relation to the first two 
components of the correspondence analysis based on species presence/absence.  Life-
history traits showing significant organisation along either component are shown: a) 
nest type, b) clutch size, c) feeding guild.  One mosaic (with a large negative CA1 
value) is not depicted on these ordinations.    
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3.5  Discussion 
 
3.5.1  Bird assemblages and landscape properties 
We recorded bird assemblages in 27 farmland mosaics that incorporated a wide range 
of variation in structural properties.  The composition of these landscape-scale bird 
assemblages varied systematically in relation to landscape structure.  Specifically, two 
gradients defined by the proportional cover of different element types in the mosaic 
were particularly influential.  Each quantified a different type of landscape modification 
common to agricultural landscapes around the world.  The first represented the 
removal of wooded vegetation from the landscape; the second, the replacement of 
native vegetation with exotic vegetation types such as pasture and tree plantations. 
 
The extent of wooded vegetation cover in the landscape has been identified as a 
primary influence on the occurrence of individual species (Trzcinski et al. 1999, Bailey 
et al. 2002), and the number of species (Bennett and Ford 1997, Radford et al. 2005), 
of woodland or forest-dependent birds at the landscape-scale.  Indeed, in this study 
area also, the strongest influence on the richness of woodland bird species in farm 
mosaics was the extent of native vegetation present (Haslem and Bennett 2008a 
[Chapter 2]).  Here, we determined that a gradient in the cover of wooded vegetation 
also influenced the composition of entire bird assemblages (i.e. all species) in ‘whole’ 
landscapes.  This finding adds further weight to the importance of the extent of natural 
vegetation as a key property of landscapes for birds in agricultural environments. 
 
The replacement of native vegetation with different types of exotic vegetation, such as 
pastures, cereal crops, horticultural crops and tree plantations, is a characteristic 
feature of agricultural environments throughout the world.  These different kinds of 
elements in farmland provide structurally different habitats for birds and, in our study 
area, supported distinctively different local assemblages to those occurring at sites in 
native vegetation (Haslem and Bennett 2008b [Chapter 4]).  Consequently, it is not 
surprising that the gradient in composition of landscape-scale bird assemblages was 
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correlated with variation in the proportional cover of native vs. exotic vegetation types 
in farmland mosaics.  Other studies examining the relationship between community 
composition and landscape change have likewise reported a strong association 
between assemblage patterns and gradients defined by the relative cover of different 
vegetation types (Balent and Courtiade 1992, Fuller et al. 1997, Drapeau et al. 2000). 
 
It is notable that measures of the configuration and heterogeneity of elements in 
farmland mosaics had little effect on bird assemblage patterns.  Spatial configuration 
of forest cover in landscapes has been associated with the occurrence of selected 
forest species (Villard et al. 1999, Radford and Bennett 2007) and heterogeneity (or 
diversity) of landscape elements has been identified as a significant predictor of the 
overall richness of several taxa (e.g. birds, butterflies, reptiles) in agricultural 
landscapes (Pino et al. 2000, Atauri and de Lucio 2001).  Here, however, landscape-
scale gradients in the composition of avian assemblages were driven more strongly by 
the proportional mix of vegetation types, and therefore the type and relative availability 
of resources in the landscape, than by their spatial distribution.  
  
3.5.2  Avian life-history traits and landscape properties 
For three of six life-history traits examined, species representing different trait 
categories displayed differential responses to the gradients of landscape change.  
This suggests that agricultural development alters the landscape-scale availability of 
resources in ways that disproportionately affect different sets of species.    
 
Species with different nesting requirements were influenced most strongly by the 
gradient of landscape change associated with the removal of wooded vegetation.  
Species nesting on the ground or in tree hollows were proportionally more common in 
mosaics with a greater cover of pasture and scattered trees whereas birds that build 
open nests were more common in mosaics with greater cover of wooded vegetation.  
Scattered trees in farmland often are large old individuals that provide a valuable 
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source of tree hollows in agricultural environments (Manning et al. 2006).  One-fifth of 
all bird species in the study region were hollow-nesting, and many of these (e.g. 
parrots, cockatoos, rosellas, Laughing Kookaburra Dacelo novaeguineae) often forage 
in open vegetation types.  Thus, in highly modified landscapes where remnant forests 
have largely been cleared but a high cover of scattered trees remains, hollow-nesting 
species comprise a proportionally large component of the overall bird assemblage.   
 
The amount of wooded vegetation cover in mosaics also influenced the proportional 
occurrence of species with different clutch sizes.  Theory predicts that species with 
reduced reproductive potential will be increasingly affected by habitat fragmentation 
and landscape alteration (Henle et al. 2004).  While species with small clutch sizes 
were more common in mosaics with a greater cover of wooded vegetation than those 
with large clutch sizes, this result is more likely related to the phylogenetic relationship 
between different types of birds.  For example, woodland-dependent passerines often 
have small clutch sizes (e.g. White-throated Treecreeper Cormobates leucophaeus, 
Eastern Spinebill) while species that are more tolerant of open habitats, such as Emu, 
Stubble Quail and some parrots, have relatively large clutch sizes.  
 
Variation in the proportional occurrence of species belonging to different feeding 
guilds was most strongly associated with landscape change involving the conversion 
of indigenous vegetation to exotic vegetation types.  The trajectory of change from 
native vegetation to farmland dominated by exotic pastures and tree plantations was 
characterised by a reduction in the relative proportion of the bird assemblage made up 
of small insectivores (e.g. thornbills, robins, Grey Fantail) and nectarivores (e.g. 
honeyeaters), and an increase in the proportion of granivores (e.g. rosellas, 
cockatoos, Galah).  Lindenmayer et al. (2002) also recorded variation in the 
occurrence of species representing different feeding guilds across a similar gradient 
between native eucalypt forest and pine plantations.  In the present study, however, 
each end of the gradient also incorporated other landscape elements: scattered trees 
were associated with native vegetation while pasture was aligned with plantation.  
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These additional elements emphasise more strongly the difference in resources 
provided by indigenous and exotic vegetation. 
 
The identification of ecological traits that respond in a consistent manner to landscape 
change provides an insight into the possible impact of different land-use scenarios on 
biota (Hausner et al. 2003).  Variation in the responses of different types of birds to 
agricultural development will alter the structure of bird communities, with associated 
implications for species interactions, community dynamics and ecological processing.  
Insectivorous and nectarivorous birds, for example, play an important role in plant 
pollination and the regulation of invertebrate populations in forest and woodland 
vegetation in Australia (Loyn et al. 1983, Ford 1985).  However, as the indigenous 
elements with which these species are associated are removed from agricultural 
landscapes, the natural rate of these processes will change.  Such disruptions to 
ecosystem function also jeopardise the long-term sustainability of agricultural 
production (Foley et al. 2005).   
 
3.5.3  Countryside elements in agricultural landscapes  
Countryside elements contributed to both vegetation gradients associated with bird 
assemblage patterns, highlighting their important role in shaping landscape structure.  
This emphasises the value of including all types of landscape element when 
quantifying the structural properties of landscapes.  Furthermore, the fact that a 
countryside element was aligned with native vegetation on each gradient of landscape 
modification suggests these elements have the potential to moderate the effects of 
agricultural change on bird assemblages.   
 
Plantations were associated with native vegetation on the gradient of wooded 
vegetation cover in mosaics (CA1, Fig. 3.1) suggesting their value to birds is related 
primarily to their structural complexity.  Structurally complex countryside elements 
have the potential to facilitate the movement of individuals through fragmented 
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landscapes (Renjifo 2001, Ricketts 2001, Fischer and Lindenmayer 2002b) and may 
‘soften the matrix’ by buffering patches of native vegetation (Franklin 1993, Manning 
et al. 2006).  Alternatively, the alignment of scattered trees with native vegetation on 
the gradient defined by vegetation composition (CA2) suggests the benefits of this 
element are more strongly associated with the provision of resources characteristic of 
a eucalypt tree stratum (e.g. tree hollows, nectar, foraging substrates).  Other 
research has likewise identified the potential importance to fauna of the food and 
habitat resources provided by countryside elements (Estrada et al. 1997, Fischer et al. 
2005).  The specific associations between landscape modification gradients, and 
different avian life-history traits, identified here provide further support for the capacity 
of plantation and scattered trees to fulfil these roles.  
 
 
3.6  Conclusion 
 
These results demonstrate that the structural properties of entire landscape units 
influence the composition of the bird assemblages that inhabit them.  The proportional 
composition of landscape elements, as opposed to their spatial configuration or 
heterogeneity, was most strongly associated with gradients in avifaunal composition in 
study mosaics.  Bird assemblages showed systematic variation in relation to two 
trajectories of landscape change common to agricultural environments around the 
world; both were characterised by modification to the proportional cover of different 
types of vegetation.  The subsequent alteration of resources available in agricultural 
environments had disproportionate, yet predictable, effects on subsets of species 
based on their life-history traits.  These results emphasise the value of a landscape-
scale approach to conservation in agricultural environments, but also highlight the 
importance of the component elements, including countryside elements, in these 
landscapes.      
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This chapter has been published as: Haslem, A., and A. F. Bennett (2008). Countryside 
elements and the conservation of birds in agricultural environments. Agriculture, Ecosystems 
and Environment 125:191-203. 
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4.1  Abstract 
 
Throughout the world, many native species inhabit agricultural landscapes.  While 
natural habitats will form the cornerstone of conservation efforts in production-oriented 
environments, the success of these efforts will be enhanced by a greater 
understanding of the potential contribution of the increasingly modified countryside 
(‘matrix’) elements in these landscapes.  Here, we investigate the relative occurrence 
of birds in some landscape elements (i.e. land-uses, vegetation types) common to 
agricultural environments around the world.  Twenty-seven study mosaics (1 km x 1 
km in size), selected to incorporate variation in the cover of native vegetation and the 
richness of different landscape elements, were sampled in Gippsland, south-eastern 
Australia.  Birds were surveyed in five main types of elements: native vegetation, 
linear vegetation, plantation, scattered trees and pasture.  The greatest number of 
species was recorded in native vegetation, the most important element for the majority 
of birds in Australian agricultural landscapes.  Nevertheless, most countryside 
elements had value for many species; particularly structurally complex elements.  
Ordination analyses (based on presence/absence data for 81 species) showed that 
the composition of bird communities differed between elements.  The number of 
mosaics in which ‘all species’ and ‘woodland species’ were recorded was positively 
related to the breadth of elements they used; thus species using a greater number of 
elements occurred more frequently in the study region.  Correlation analyses identified 
that the richness of woodland species (those of increased conservation concern in 
Australia) in different elements was influenced by features of the mosaic in which they 
occurred.  Notably, the richness of woodland bird species recorded in scattered trees 
and pasture increased with local native vegetation cover.  Key implications for 
conservation in Australian agricultural environments include: (1) native vegetation is 
vital for the persistence of birds in these landscapes, and thus is the primary element 
on which conservation efforts in agricultural landscapes depend; (2) countryside 
elements can enhance the conservation value of agricultural landscapes by a) 
increasing structural complexity in largely cleared areas and b) increasing the 
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heterogeneity of the entire landscape; and (3) patches of different elements cannot be 
managed in isolation from their surroundings, as landscape properties affect the 
richness of bird assemblages in different elements.   
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4.2  Introduction 
 
Throughout the world, many species of birds occur in landscapes heavily modified for 
agricultural production (Barrett et al. 1994, Petit et al. 1999, Daily et al. 2001).  Much 
attention has been given to the occurrence of species in natural habitats that persist in 
agricultural environments (e.g. Freemark and Merriam 1986, Verboom et al. 1991, 
Fuller et al. 2001, Major et al. 2001) but increasingly there is recognition of the 
importance of the modified countryside elements (i.e. ‘matrix’ habitats), such as 
plantations, scattered trees, crops and pasture lands, in these landscapes (Daily et al. 
2001, Renjifo 2001, Söderström et al. 2003, Fischer et al. 2005).  A growing body of 
research is highlighting the contribution that such elements (i.e. vegetation types or 
distinct land-uses) can make to the conservation of birds in regions as diverse as the 
cultural landscapes of Europe (Fuller et al. 1997, Gregory and Baillie 1998, Robinson 
and Sutherland 2002) and the developing landscapes of central America (Daily et al. 
2001, Hughes et al. 2002).   
 
The role of countryside elements in bird conservation is particularly well recognised in 
Europe (Fuller et al. 1997, Vickery et al. 2002, Fuller et al. 2004, Gregory et al. 2004).  
The long history of agricultural land-use and modification in European landscapes has 
resulted in marked differences in the kinds of species of conservation concern when 
compared with some other parts of the world (Sutherland 2004).  Farmland birds, in 
particular, have experienced a dramatic decline in status (Fuller et al. 1995, Donald et 
al. 2001, Donald et al. 2002).  Many of these species depend on early successional 
habitats provided by agricultural land-uses (Sutherland 2004) and therefore their 
conservation largely involves the management of countryside elements.  A further 
consequence of long-term land-use is that biotic assemblages in semi-natural patches 
in cultural landscapes may differ greatly from those in patches of ‘original’ indigenous 
vegetation (Hermy and Verheyen 2007).  In contrast, in countries where intensive 
agricultural development has been a more recent phenomenon, such as Australia, 
Canada and USA, the birds of greatest conservation concern often are those 
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associated with remnant native vegetation such as forest or woodland.  In these 
countries, conservation strategies in agricultural environments focus primarily on the 
preservation of intact vegetation, in which biotic assemblages are likely to be more 
representative of pre-disturbance conditions, and less attention is given to modified 
countryside elements (Barrett et al. 1994, Ford and Barrett 1995, Sutherland 2004). 
 
Consideration of all types of landscape elements, including modified ones, in 
conservation planning is important for a number of reasons.  First, the amount of 
native vegetation remaining in agricultural environments is insufficient to ensure the 
long-term protection of all extant species (Hobbs 1993, Barrett et al. 1994, Petit et al. 
1999).  Further, the preservation of remnant vegetation is often complicated because 
a large proportion occurs on privately-owned land (Ford and Barrett 1995).  Second, 
countryside elements are an integral component of farmland environments and, as 
such, have a strong influence on ecological processes occurring both within remaining 
native vegetation and more broadly across the agricultural landscape (Saunders et al. 
1991, Sisk et al. 1997, Wethered and Lawes 2003, Kupfer et al. 2006).  Countryside 
elements also provide important resources in their own right (Renjifo 2001, Fischer et 
al. 2005).  Third, many birds occurring in agricultural areas use more than one patch, 
or landscape element, to fulfil their resource requirements and are unlikely to perceive 
the rural environment in a binary manner (i.e. habitat and hostile matrix) (McIntyre and 
Barrett 1992, McIntyre and Hobbs 1999).  Last, conservation in agricultural 
environments will be most successful when integrated with production considerations; 
achieving this requires an understanding of the interactions between natural and 
modified landscape elements (Hobbs et al. 1993).    
 
Much insight into the value of different countryside elements to birds has been gained 
from studies of the occurrence of species in hedgerows, strips of roadside vegetation, 
and patches of scattered trees, crops and tree plantations (e.g. Saunders and De 
Rebeira 1991, Estrada et al. 1997, Petit et al. 1999, Fuller et al. 2001, Fischer and 
Lindenmayer 2002a, Lindenmayer et al. 2002).  Less is known, however, about the 
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influence of broader landscape properties on the use of countryside elements by 
fauna, and therefore on the conservation value of these elements in agricultural 
landscapes. 
   
Here, we examine the occurrence of bird species in an agricultural region in south-
eastern Australia where clearing of over 85% of the native vegetation has occurred in 
the last 150 years: a massive and rapid ecological change in less than the lifespan of 
a single tree.  We investigate: (1) the ‘habitat’ value of different countryside elements 
for birds; and (2) the influence of landscape properties on the occurrence of bird 
species in these elements.  Of particular interest is identifying the value of different 
elements to woodland-dependent birds, the species of greatest conservation concern 
in rural Australia (Ford et al. 2001). 
 
 
4.3  Methods 
 
4.3.1  Study area 
This study was undertaken in an area of approximately 1500 km² on the Gippsland 
Plains, Victoria, Australia (Fig. 2.1 in Chapter 2).  This is a lowland region (elevation < 
120 m) of alluvial and coastal plains; the climate is temperate and rainfall (mean 700 
mm) is distributed relatively evenly throughout the year (Ward 1977, Land 
Conservation Council Victoria 1982, Lunt 1997b).  Native vegetation is composed of 
eucalypt forests and woodlands dominated by Gippsland Red Gum Eucalyptus 
tereticornis subsp. mediana and White Stringybark E. globoidea: other common 
canopy species include Coastal Manna Gum E. viminalis subsp. pryoriana, Red Box 
E. polyanthemos subsp. vestita, and Apple Box E. bridgesiana.  Understorey strata 
commonly comprise Saw Banksia Banksia serrata and Austral Bracken Pteridium 
esculentum in combination with other heathland and grassland species.  The 
Gippsland Plains has been cleared extensively to allow increased agricultural 
production; less than 15% of the original vegetation cover remains in the study area.  
80 
Chapter 4 – Birds in countryside elements 
Sheep and cattle grazing is the dominant agricultural activity, while softwood (Pinus 
radiata) and hardwood (E. globulus) plantations are common in localised areas.  
 
4.3.2  Study design 
The aim of this study was to investigate the relative value to birds of landscape 
elements commonly present in agricultural environments.  Our focus was on the value 
of these elements within the context of the agricultural landscapes in which they 
occurred.  Thus, we first selected 27 mosaics, each 1 x 1 km (100 ha) in size, that 
incorporated variation in two factors: the extent of native vegetation cover and the 
number of different landscape element types (see Haslem and Bennett 2008a 
[Chapter 2]).  This size is directly relevant to the management of agricultural 
landscapes at the level of individual land-owners in the study region.     
 
Five main types of landscape element were recognised.  1) Native vegetation patch: 
patch of remnant or regenerating native vegetation; subject to relatively low level of 
human disturbance.  2) Linear vegetation: linear strip of vegetation (width ≤ 50 m), 
primarily native vegetation along roadsides or occasionally shelterbelts of exotic or 
non-indigenous trees; subject to increased intensity and frequency of disturbance.  3) 
Plantation: patch of exotic softwood (P. radiata) or non-indigenous hardwood (E. 
globulus) plantation.  4) Scattered trees: grassy area with widely-spaced (thinned) 
native trees; commonly lacking understorey vegetation and grazed by stock.  5) 
Pasture: grassy area cleared of canopy and understorey vegetation, commonly 
grazed by stock; infrequently containing isolated paddock trees (< 20% of sample 
points contained isolated trees).   
 
Each of these types of elements contains inherent variation, but they were recognised 
as broad categories that are common in the study region and are characteristic of 
many agricultural landscapes around the world (Fuller et al. 1997, Daily 2001, Fischer 
et al. 2005).  With the exception of native vegetation patches, all were considered to 
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be ‘countryside’ elements due their level of modification and/or susceptibility to 
ongoing anthropogenic disturbance in the farm environment (after Daily 2001).  
However, we note that some elements classified here as ‘countryside’ (e.g. linear 
vegetation) might equally be considered as a modified form of ‘native’ vegetation.  
Three other landscape elements (farm dams, natural wetlands, disturbed areas) were 
included in the variables quantifying mosaic properties (see below) but were not 
considered in terms of their use by birds.   
 
Fifteen fixed sampling points were established in each study mosaic.  Sample points 
were distributed among the five main types of elements, stratified in proportion to their 
cover in the mosaic.  Landscape elements covering < 1 ha (in total) of a mosaic were 
not sampled.  Care was taken to maximise the distance between sample points in 
each mosaic (mean distance between points within mosaics was 542 m, range: 104 m 
– 1261 m).  Selection of study mosaics was stratified by the properties of entire 
mosaics, rather than individual elements, and so the overall sampling effort in different 
landscape elements was unequal.  The total number of sample points in each type of 
element (across the 27 mosaics) was: native vegetation (195 sample points), pasture 
(120), scattered trees (45), plantation (35), and linear vegetation (10).  
  
4.3.3  Properties of mosaics 
Variables measuring three properties of study mosaics were quantified: the cover, the 
configuration, and the heterogeneity of landscape elements in mosaics (Haslem and 
Bennett 2008a [Chapter 2]).  The broader landscape context of each mosaic was also 
characterised by the cover (ha) of native vegetation in an area of 2030 ha (2 km 
radius) surrounding each mosaic (OutVeg).  
 
The proportional cover of different landscape elements in mosaics was represented by 
three variables.  They were derived from a principal components analysis (PCA) 
incorporating data on the cover (ha) of each of the five types of landscape elements in 
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mosaics, as well as a sixth element (disturbed: area subject to regular human 
disturbance e.g. roads).  The PCA also included data on the length of roads (m) and 
the number of farm dams and naturally occurring wetlands within mosaics (see Table 
4.1).  Variables were transformed, where necessary, to meet the assumptions of the 
PCA, and the derived principal components were rotated using the varimax method.  
The first three components of the PCA (describing 77.2% of the variation in the 
original variables) described different element-cover gradients in mosaics.  The first 
(PC1: 41.6% variation) represented a gradient in native vegetation cover: from 
mosaics with extensive native vegetation cover to those with greater cover of pasture.  
The second (PC2: 23.5%) identified the density of roads and road associated 
elements (e.g. linear vegetation, disturbed areas) in mosaics.  The final component 
(PC3: 12.1%) measured a gradient in the cover of different countryside elements: from 
mosaics with greater cover of plantations to those with more scattered trees.  
 
The configuration and heterogeneity of study mosaics were each quantified by two 
variables: all were calculated using FRAGSTATS v.3.3 (McGarigal et al. 2002) in 
conjunction with ArcMap v.9 (ESRI 2004).  Mosaic configuration was quantified by the 
number (i.e. density) of patches in mosaics (Patch), and a measure of patch-shape 
complexity (the area-weighted mean of the perimeter:area ratio of all patches in 
mosaics: Shape).  Note that the calculation of these configuration variables 
incorporated all patches in mosaics (including farm dams and wetlands), regardless of 
element type.  Mosaic heterogeneity was quantified by the number of different types of 
landscape elements (Rich), and a measure of the evenness of their distribution in 
terms of area (the Shannon evenness measure: Even).  Values for Patch and Rich 
were scaled between zero and one; thus, for each mosaic, values of these variables 
were relative to the maximum recorded in any mosaic.  Shape and OutVeg were log10 
transformed to improve the normality of their distribution. 
 
All mosaic variables, except PC2 and PC3, were correlated with the gradient in native 
vegetation cover (PC1).  To remove this collinearity between predictor variables, each 
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was regressed individually against PC1 and the resulting residuals used as a measure 
that was uncorrelated with native vegetation cover (designated adjusted variables: 
Xadj).  This process successfully removed the intercorrelation between variables 
(tolerances of all residuals > 0.1) (Quinn and Keough 2002).  Therefore, predictor 
variables were considered to be independent in their effect on bird response variables. 
 
4.3.4  Bird surveys 
Bird point counts (10 mins duration) were undertaken at all 405 sample points (i.e. 27 
mosaics x 15 sample points).  All species seen or heard within a 30 m radius of each 
sample point were recorded by a single observer (AH).  Only species that feed on the 
wing were recorded while in flight (Welcome Swallow Hirundo neoxena, Tree Martin 
H. nigricans, Dusky Woodswallow Artamus cyanopterus and White-throated 
Needletail Hirundapus caudacutus).  Six survey rounds were undertaken; three each 
in the bird breeding and non-breeding months of a one-year period (October 2004 – 
August 2005).  The sequence of visiting sample points, both within mosaics and 
between different mosaics, was varied between consecutive survey rounds. 
 
Bird records from the six survey rounds were pooled for each sample point.  To 
eliminate potential misclassifications, all records of Satin Flycatcher Myiagra 
cyanoleuca and Leaden Flycatcher M. rubecula were combined, as were those of 
Australian Raven Corvus coronoides and Little Raven C. mellori.  Records of 
waterbird and raptor species were removed from the final species list for each sample 
point because the aquatic habitats of waterbirds were not recognised as a primary 
landscape element in this study, and raptors were inadequately sampled during point 
counts. 
 
All species were classified on the basis of their dependence on native vegetation.  
‘Woodland’ species are primarily associated with woodland, forest or heathland 
vegetation and require remnant native vegetation for foraging and breeding 
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requirements (classification followed Radford and Bennett 2005).  Such classification 
allows investigation of the use, and potential value, of different landscape elements to 
those species likely to be at increased risk of decline in the study region due to 
agricultural land management.       
 
4.3.5  Data analyses 
Data analyses were based on presence/absence data for all species (pooled over six 
point counts) at each sample point.  This data was converted to species richness 
measures (all species, woodland species) for some analyses.  
 
First, we investigated the relationship between breadth of element-use by species and 
their occurrence in the study area.  Spearman rank correlations were used to relate 
the total number of element types in which species (all species, woodland species) 
were recorded to the number of mosaics in which they were recorded. 
  
Second, we investigated the relative use of different landscape elements by birds.  
This was done by comparing the total number of species, and the number of 
woodland species, recorded in each element.  To address the variation in survey effort 
between elements (i.e. number of sample points), species richness values were 
averaged across sample points in each element type (i.e. mean species richness per 
sample point for each element type).  The cumulative richness of all species and 
woodland species with increasing number of sample points in each element type was 
plotted to illustrate the species-area relationship for each element.  Cumulative 
species richness values were averaged over 999 permutations of the original dataset.  
The proportion of sample points in each element at which species were recorded was 
also determined.   
 
Further, to identify differences in bird community composition between landscape 
elements, non-metric multidimensional scaling (MDS) was used to compare the 
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species assemblages at each sample point.  The MDS ordination was based on a 
Bray-Curtis similarity matrix derived from presence/absence data for all species at 
each sample point.  Bird assemblages in different landscape elements were also 
compared using analysis of similarity (ANOSIM) and similarity percentage (SIMPER) 
analyses. 
 
Third, we investigated whether woodland species richness in landscape elements was 
influenced by the properties of the mosaic in which the element occurred.  This was 
done for three different elements: native vegetation, scattered trees and pasture.  
These elements were selected on the basis of being the least, and most, structurally 
modified, respectively.  The association between the richness of woodland species in 
a particular element in mosaics (i.e. richness per sample point averaged across 
sample points in the same element type in each mosaic) and mosaic properties was 
assessed using Spearman rank correlations.   
 
Correlation analyses were undertaken in SPSS v.11.5 (SPSS 2003); the species-
accumulation plot, MDS ordination, ANOSIM and SIMPER were all conducted in 
PRIMER v.5 (PRIMER-E 2002). 
 
 
4.4  Results 
 
4.4.1  Mosaic properties 
The two factors used to stratify mosaic selection (i.e. native vegetation cover and 
richness of landscape elements) incorporated a range of variation across the 27 study 
mosaics: from 0 – 100% native vegetation cover (mean 47%) and from 1 - 7 types of 
elements (mean 4.7) (Table 4.1).  Likewise, the other variables used to quantify 
different properties of study mosaics also varied across mosaics (Table 4.1). 
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Table 4.1.  Summary statistics of variables used to quantify different properties of study 
mosaics (raw values are shown).  
 
Mosaic feature Minimum Maximum Mean Std. Dev. 
Native vegetation patch (ha)a 0 100.0 47.0 29.4 
Linear vegetation (ha)a 0 3.8 0.9 1.0 
Plantation (ha)a 0 64.6 6.4 15.1 
Scattered trees (ha)a 0 45.3 7.4 11.2 
Pasture (ha)a 0 86.8 36.6 24.8 
Wetland (#)a 0 4.0 0.5 0.9 
Farm dam (#)a 0 6.0 2.3 1.7 
Disturbed (ha)a 0 6.9 0.8 1.5 
Road length (m)a 0 2020 709 668 
Patch 1.0 21.0 9.6 5.2 
Shape 1.1 3.7 1.8 0.5 
Rich 1.0 7.0 4.7 1.6 
Even 0 1.0 0.5 0.2 
OutVeg (ha) 4.6 1363.8 339.5 309.4 
a included in PCA of the proportional cover of elements in mosaics 
 
 
 4.4.2  Bird species 
A total of 81 bird species (excluding waterbirds and raptors) were recorded in this 
study.  Of these, 52 were woodland species and four were exotic species (Table 4.2).  
Just under one-quarter of all species (n = 20/81) were recorded in only one landscape 
element; 15 of these were woodland species, of which three-quarters were recorded 
only in native vegetation (Table 4.2).  Fewer species were recorded in all five 
landscape elements (n = 15); nine were woodland species. 
 
There was a strong positive correlation between the overall number of landscape 
elements in which species were recorded and the number of mosaics in which they 
were recorded.  This was the case for all species (rs = 0.856, P < 0.001) (see Fig. 4.1) 
and woodland species (rs = 0.842, P < 0.001).  Thus, species that used a broader 
range of landscape elements occurred more frequently in the study region. 
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Table 4.2.  Bird species recorded in study mosaics (ordered by the number of elements 
in which they were recorded) and the number of mosaics in which they occurred. 
 
Common name Scientific name Elements Mosaics 
    (n = 5) (n = 27) 
Australian Magpie Gymnorhina tibicen 5 27 
Grey Fantaila Rhipidura fuliginosa 5 27 
Red Wattlebirda Anthochaera carunculata 5 26 
Crimson Rosellaa Platycercus elegans 5 25 
Grey Shrike-thrusha Colluricincla harmonica 5 25 
Rufous Whistlera Pachycephala rufiventris 5 25 
Eastern Rosella Platycercus eximius 5 24 
Superb Fairy-wrena Malurus cyaneus 5 23 
Sulphur-crested Cockatoo Cacatua galerita 5 22 
Grey Butcherbird Cracticus torquatus 5 21 
Noisy Miner Manorina melanocephala 5 21 
Laughing Kookaburra Dacelo novaeguineae 5 19 
Yellow-faced Honeyeatera Lichenostomus chrysops 5 19 
White-winged Chougha Corcorax melanorhamphos 5 18 
Common Bronzewinga Phaps chalcoptera 5 14 
Golden Whistlera Pachycephala pectoralis 4 26 
Striated Thornbilla Acanthiza lineata 4 24 
Brown Thornbilla Acanthiza pusilla 4 21 
Jacky Wintera Microeca leucophaea 4 20 
Welcome Swallow Hirundo neoxena 4 20 
White-throated Treecreepera Corombates leucophaeus 4 20 
Spotted Pardalotea Pardalotus punctatus 4 19 
Willie Wagtail Rhipidura leucophrys 4 19 
Common Starling b Sturnus vulgaris 4 18 
Striated Pardalote Pardalotus striatus 4 18 
Black-faced Cuckoo-Shrike Coracina novaehollandiae 4 17 
Weebilla Smicrornis brevirostris 4 16 
Magpie-lark Grallina cyanoleuca 4 15 
Buff-rumped Thornbilla Acanthiza reguloides 4 13 
Scarlet Robina Petroica multicolor 4 13 
Yellow-rumped Thornbill Acanthiza chrysorrhoa 4 13 
Pied Currawonga Strepera graculina 4 12 
Raven sp Corvus sp. 4 11 
Galah Eolophus roseicapilla 4 10 
Eastern Yellow Robina Eopsaltria australis 3 18 
Yellow Thornbilla Acanthiza nana 3 18 
Eastern Spinebilla Acanthorhynchus tenuirostris 3 17 
Olive-backed Oriolea Oriolus sagittatus 3 17 
White-browed Scrubwrena Sericornis frontalis 3 17 
White-eared Honeyeatera Lichenostomus leucotis 3 16 
Common Myna b Acridotheres tristis 3 13 
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Common name Scientific name Elements Mosaics 
    (n = 5) (n = 27) 
Gang-gang Cockatooa Callocephalon fimbriatum 3 8 
Masked Lapwing Vanellus miles 3 7 
Musk Lorikeet Glossopsitta concinna 3 6 
New Holland Honeyeatera Phylidonyris novaehollandiae 3 6 
Rainbow Lorikeet Trichoglossus haematodus 3 5 
White-throated Needletail Hirundapus caudacutus 3 4 
Richard's Pipit Anthus novaeseelandiae 2 17 
Varied Sittellaa Daphoenositta chrysoptera 2 17 
Brown-headed Honeyeatera Melithreptus brevirostris 2 14 
Mistletoebirda Dicaeum hirundinaceum 2 13 
Tree Martina Hirundo nigricans 2 10 
Stubble Quail Coturnix pectoralis 2 7 
Eastern Whipbirda Psophodes olivaceus 2 6 
Silvereye Zosterops lateralis 2 6 
Shining Bronze-Cuckooa Chrysococcyx lucidus 2 4 
Flame Robin Petroica phoenicea 2 3 
Grey Currawonga Strepera versicolor 2 3 
Satin Bowerbirda Ptilonorhynchus violaceus 2 3 
Horsfield's Bronze-Cuckooa Chrysococcyx basalis 2 2 
Yellow-tailed Black-Cockatooa Calyptorhynchus funereus 2 2 
Flycatcher spa Myiagra sp. 1 10 
Sacred Kingfishera Todiramphus sanctus 1 8 
White-naped Honeyeatera Melithreptus lunatus 1 7 
Red-browed Fincha Neochmia temporalis 1 6 
Dusky Woodswallowa Artamus cyanopterus 1 5 
Fan-tailed Cuckooa Cacomantis flabelliformis 1 5 
Noisy Friarbirda Philemon corniculatus 1 4 
Little Wattlebirda Anthochaera chrysoptera 1 3 
White-winged Trillera Lalage sueurii 1 3 
European Goldfinch b Carduelis carduelis 1 2 
Rufous Fantaila Rhipidura rufifrons 1 2 
Australian King-Parrota Alisterus scapularis 1 1 
Brush Cuckooa Cacomantis variolosus 1 1 
Crescent Honeyeatera Phylidonyris pyrrhoptera 1 1 
Crested Shrike-tita Falcunculus frontatus 1 1 
Emu Dromaius novaehollandiae 1 1 
House Sparrow b Passer domesticus 1 1 
Little Corella Cacatua sanguinea 1 1 
Pallid Cuckoo Cuculus pallidus 1 1 
Rose Robina Petroica rosea 1 1 
a Woodland species 
b Exotic species 
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Fig. 4.1.  Relationship between the number of mosaics and the number of different 
elements in which bird species (‘all species’) were recorded. 
 
 
4.4.3  Bird species in different landscape elements  
The total number (and overall proportion) of all species and woodland species 
recorded in each type of element varied (Table 4.3).  While not accounting for the 
unequal number of sample points in different elements, these values indicate the 
overall occurrence of birds in each element.  More species (all species, woodland 
species) were recorded in native vegetation than any other element (Table 4.3).  Over 
half the species recorded were observed in scattered trees; likewise, more than half of 
all woodland species were recorded in scattered trees and in plantation (Table 4.3). 
 
The values for mean species richness at sample points (Table 4.3) highlight the 
important role of linear vegetation; the species accumulation curves (Fig. 4.2) further 
illustrate the value of this element in terms of supporting relatively rich assemblages of 
all bird species, and of woodland species.  Scattered trees and plantation were of  
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Table 4.3.  Total richness, proportion of species, and mean richness per sample point 
for all species and woodland species in each type of element. 
 
 
Native 
vegetation 
(n = 195) 
Linear 
vegetation 
(n = 10) 
Plantation 
 
(n = 35) 
Scattered 
trees 
(n = 45) 
Pasture 
 
(n = 120) 
All species (n = 81) 
  Total richness 72 39 37 53 37 
  Proportion of species 0.89 0.48 0.46 0.65 0.46 
  Mean richness/sample point 10.1 11.8 5.0 7.3 2.8 
Woodland species (n = 52) 
  Total richness 50 22 29 31 12 
  Proportion of species 0.96 0.42 0.56 0.60 0.23 
  Mean richness/sample point 8.3 5.5 4.3 2.2 0.5 
 
 
lesser importance to both groups when compared with native vegetation and linear 
vegetation (Table 4.3; Fig. 4.2).  The relative value of these elements differed between 
groups; the cumulative richness, and mean richness per sample point, of woodland 
species was greater in plantation than scattered trees while the reverse was true for 
all species (Table 4.3).  The landscape element with lowest value to all species, and 
particularly woodland species, was pasture (Table 4.3; Fig. 4.2). 
 
The MDS ordination highlighted the similarity in composition of bird assemblages at 
sample points within the same type of landscape element (Fig. 4.3).  Further, ANOSIM 
results confirmed that bird communities differed significantly between landscape 
elements (Global R = 0.469, P < 0.001).  The grouping of sample points by element 
type was strongest along the first ordination axis (MDS1; Fig. 4.3).  Examination of the 
gradient in elements along MDS1 (ranging from pasture, through scattered trees and 
linear vegetation, to native vegetation and plantation) suggests that bird assemblages 
were ordered by tree cover at sample points.   
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Fig. 4.2.  Average cumulative richness (derived from 999 permutations of the original 
dataset) of: a) all species, and; b) woodland species in sample points in different 
landscape elements.  
 
The SIMPER analysis identified species that made a strong contribution to the within-
element similarity of bird assemblages (Table 4.4).  These species can be considered 
to be characteristic of different types of elements and often were recorded at a 
relatively high proportion of sample points in the elements with which they were 
strongly associated (Table 4.4).  For native vegetation and plantation, most were 
woodland species (85% and 90%, respectively) whereas woodland species comprised 
less than a third of those characteristic of linear vegetation (29%), scattered trees 
(25%), and pasture (17%).  Some species made a strong contribution to the similarity  
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Fig. 4.3.  MDS ordination of presence/absence data for all species at 393 sample points within different elements (no species were 
recorded, in any survey round, at 12 sample points in pasture).  One pasture sample point (with a large negative MDS1 value) is not 
depicted in this ordination. Ellipses are used to indicate the main cluster of sample points for each type of element, to enhance visual 
interpretation of the ordination.
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Table 4.4.  Bird species characteristic of each landscape element: the average overall 
similarity of each type of element is shown, as is each species contribution (%) to 
within-element community similaritya (parentheses contain the percentage of sample 
points at which species were recorded in each element).  
 
Bird species Native vegetation Plantation Linear vegetation Scattered trees Pasture 
Average similarity (%) 28.9 23.1 39.1 39.6 21.7 
Australian Magpie 2.4 (25) 3.7 (23) 17.6 (90) 25.7 (84) 41.2 (45) 
Crimson Rosellab 5.4 (41) 2.2 (17) 13.4 (80) 5.0 (40) - 
Eastern Rosella 1.2 (18) - 8.1 (60) 21.1 (76) 6.0 (21) 
Noisy Miner 2.4 (25) - 13.4 (80) 26.2 (82) - 
Grey Fantailb 17.4 (74) 11.7 (43) 6.7 (60) - - 
Red Wattlebirdb 6.5 (42) 8.1 (31) 4.3 (50) - - 
Grey Shrike-thrushb 5.9 (46) 23.9 (54) 1.4 (30) - - 
Rufous Whistlerb 7.0 (49) 3.5 (23) - - - 
Brown Thornbillb 4.5 (39) 22.2 (51) - - - 
Golden Whistlerb 4.3 (38) 9.2 (37) - - - 
White-eared Honeyeaterb 1.6 (24) 2.1 (17) - - - 
White-browed Scrubwrenb 1.2 (20) 5.2 (26) - - - 
Sulphur-crested Cockatoo - - 10.3 (70) 4.4 (40) - 
Striated Pardalote - - 3.0 (40) 2.2 (29) - 
Common Starling - - 1.6 (30) 4.3 (38) - 
Striated Thornbillb 8.7 (54) - - - - 
Superb Fairy-wrenb 6.9 (47) - - - - 
White-throated Treecreeperb 5.2 (43) - - - - 
Yellow-faced Honeyeaterb 3.7 (36) - - - - 
Eastern Yellow Robinb 1.8 (27) - - - - 
Spotted Pardaloteb 1.6 (24) - - - - 
Yellow Thornbillb 1.2 (21) - - - - 
Eastern Spinebillb 1.2 (21) - - - - 
Grey Butcherbird - - 3.7 (40) - - 
Laughing Kookaburra - - 2.9 (40) - - 
Magpie-lark - - 2.4 (40) - - 
Pied Currawong - - 1.5 (30) - - 
Weebillb - - - 1.8 (24) - 
Welcome Swallow - - - - 24.7 (38) 
Richard's Pipit - - - - 12.9 (26) 
Jacky Winterb - - - - 3.6 (17) 
Willie Wagtail - - - - 2.7 (16) 
a species contributing > 90% of the community similarity in each element are shown.  
b Woodland species 
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of bird communities in all elements (Table 4.4).  For example, the Australian Magpie 
Gymnorhina tibicen was characteristic of all five element types.  Four woodland 
species were characteristic of multiple landscape elements: Crimson Rosella 
Platycercus elegans (4 elements), Red Wattlebird Anthochaera carunculata, Grey 
Fantail Rhipidura fuliginosa and Grey Shrike-thrush Colluricincla harmonica (3 
elements each). 
 
4.4.4  Influence of mosaic properties on woodland species in different landscape 
elements 
Correlation analyses showed that the cover and heterogeneity of element types in 
mosaics, and the broader landscape context of mosaics, influenced the mean 
richness of woodland species at sample points in the more modified countryside 
elements sampled in this study.  For example, more woodland species were recorded 
at sample points in scattered trees in mosaics with a greater cover of native 
vegetation (PC1: rs = -0.514, P = 0.042) and number of different elements (Rich: rs = 
0.521, P =0.039); and at points in pasture when the cover of native vegetation 
surrounding mosaics was greater (OutVeg rs = 0.458, P = 0.040).  Mosaic properties 
did not have a strong influence on the richness of woodland species at sample points 
in native vegetation.    
 
 
4.5  Discussion 
 
4.5.1  Birds in countryside elements 
We recorded bird species in five main types of landscape element in 27 agricultural 
mosaics in southern Australia.  Native vegetation was the element of greatest value to 
birds in the study region, as judged by the higher mean richness per sample point in 
this element, and the greater rate of species accumulation with sampling effort.  
Native vegetation was particularly important for woodland birds, the species of 
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conservation concern in Australian rural environments (Ford et al. 2001).  
Nevertheless, many species were also recorded frequently at sample points in 
countryside elements, therefore indicating that these, more modified habitats have 
value for birds.  While these results provide no information about how species are 
using the resources available in a given element, or the role of that element in 
sustaining breeding populations in the region, they do identify components of the rural 
landscape used regularly to fulfil a species’ resource requirements. 
 
In Europe, many species of conservation concern live and breed within the 
countryside elements of farm landscapes (Sutherland 2004).  These semi-natural and 
modified elements provide foraging, breeding and shelter resources that fulfil the 
requirements of many farmland birds (Fuller et al. 1997, Gregory and Baillie 1998).  In 
Australia, the value of countryside elements has been attributed mainly to their 
potential to provide particular resources for fauna, and to facilitate the movement of 
individuals within agricultural landscapes.  For example, scattered trees provide nest 
hollows and food resources for birds (Law et al. 2000, Manning et al. 2004) and act as 
‘stepping stones’ that facilitate bird movements between vegetation patches (Fischer 
and Lindenmayer 2002b, Fischer et al. 2005).  Tree plantations, due to their structural 
complexity, may also increase the connectivity and permeability of fragmented 
landscapes, even for species for which plantation provides unsuitable habitat 
(Lindenmayer et al. 2002, Lindenmayer and Hobbs 2004).  Likewise, linear vegetation 
strips such as remnant roadside or riparian vegetation have long been recognised in 
Australia for their value in enhancing connectivity (Bennett 1991, Saunders and De 
Rebeira 1991) and can also provide resident habitat for birds (Lynch et al. 1995, Major 
et al. 1999). 
 
In this study, more species were recorded in scattered trees than any other 
countryside element yet the rate of accumulation of species (with increasing number 
of sample points) was greatest for linear vegetation (Fig. 4.2).  A substantial 
proportion of all species, and of woodland birds, was recorded in these elements; thus 
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indicating their value to a wide range of birds in agricultural landscapes.  
Nevertheless, less than one-third of the species strongly associated with scattered 
trees and linear vegetation were woodland birds (Table 4.4), suggesting that these 
elements, on their own, are unlikely to sustain populations of many of the species of 
conservation concern in the region.  Further, it is notable that the Noisy Miner 
Manorina melanocephala, a species that aggressively excludes small woodland 
insectivores (Grey et al. 1997, 1998), was a characteristic component of bird 
assemblages at sample points in both linear vegetation and scattered trees (Table 
4.4).   
  
Plantations were of value to a number of woodland species; 90% of the birds 
characteristic of this element were woodland species.  The similarity between bird 
assemblages in plantations and native vegetation (Fig. 4.3) indicates that the 
resources provided by tree plantations are more similar to those of remnant vegetation 
patches than to other elements.  The species that showed the greatest tolerance of 
tree plantations (e.g. Grey Shrike-thrush, Brown Thornbill Acanthiza pusilla and Grey 
Fantail) are widespread and common in southern Australia and have previously been 
noted for their frequent occurrence in pine and eucalypt plantations (Lindenmayer et 
al. 2002, Loyn et al. 2007). 
 
Similar to other studies (Estrada et al. 1997, Green and Catterall 1998, Petit and Petit 
2003, Loyn et al. 2007), the countryside element with the lowest value to birds in our 
study region was pasture.  Our results do suggest, however, that the value of cleared 
farm paddocks may be improved by the occurrence of even a few trees.  The fact that 
almost one-quarter of woodland birds in this study were recorded at sample points in 
pasture can be attributed to the infrequent presence of such trees, which provide 
perching sites for birds, and refuge and stop-over points for individuals moving 
through farmland.  Paddock trees can also provide economic benefits in agricultural 
landscapes as they perform a range of ecosystem services including the provision of 
97 
Chapter 4 – Birds in countryside elements 
shade and the modification of soil properties (Reid and Landsberg 2000, Gibbons and 
Boak 2002). 
 
4.5.2  Mosaic properties influence birds in landscape elements 
Woodland birds were more likely to use countryside elements, such as pasture and 
scattered trees, in farmland mosaics which had a greater cover of native vegetation, 
and more native vegetation in the surrounding landscape.  The positive relationship 
between bird occurrence in patches of native wooded vegetation and the cover of 
such vegetation in the surrounding landscape is well recognised (Lee et al. 2002, 
Westphal et al. 2003).  Our finding that the cover of native vegetation also influences 
the occurrence of birds in other, more modified landscape elements adds further 
weight to the importance of native vegetation in agricultural landscapes.  This result 
indicates that the use of more-modified habitats is facilitated by an increased local 
availability of suitable habitat. 
   
4.5.3  Countryside heterogeneity and bird occurrence 
Species recorded in a greater number of element types were likely to occur more 
frequently across the study area; this pattern was true for all species and for woodland 
birds.  Similarly in Mexico, overall bird abundance increased with the number of 
habitat elements in which species were recorded (Estrada et al. 1997) and, in 
Australia, Fischer and Lindenmayer (2002a) found that birds recorded frequently in 
scattered trees were also likely to be common in native vegetation.  These results 
appear promising for the conservation prospects of many species in the study region 
as species which occur regularly in countryside elements often exhibit a reduced 
vulnerability to extinction in fragmented landscapes (Diamond et al. 1987, Laurance 
1991, Gascon et al. 1999).   
 
Each type of landscape element sampled in this study contained distinct bird 
assemblages.  The positive influence of landscape heterogeneity on faunal diversity in 
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agricultural landscapes has been recognised (Böhning-Gaese 1997, Petersen 1998, 
Atauri and de Lucio 2001) and in Europe is considered a key factor influencing the 
conservation of farmland birds (Benton et al. 2003).  The occurrence of even small 
patches of different element types is important because their value for fauna is often 
disproportionate to their extent in the landscape (Berg 2002).   This is particularly true 
for elements such as strips of linear vegetation (e.g. hedgerows, roadside vegetation) 
that can assist birds to use other elements (e.g. adjacent pasture) or access other 
parts of the landscape (Bennett 1998, Hinsley and Bellamy 2000).  In Australia, the 
benefit of heterogeneity in agricultural landscapes is less well understood, but the 
potential for countryside elements to contribute to landscape heterogeneity and 
conservation is now receiving more attention (Ford and Barrett 1995, Law et al. 2000, 
Fischer et al. 2005, Haslem and Bennett 2008a [Chapter 2]).  Our findings highlight 
that, even at the relatively small scale at which this study was undertaken, countryside 
elements have value beyond the immediate benefits they provide at the patch-level: 
they also increase the overall heterogeneity of agricultural landscapes.   
 
4.5.4  Conservation implications 
The extent of countryside elements in agricultural environments in Australia is likely to 
change substantially over coming decades.  In some regions, large areas of pastoral 
land are being converted to tree plantations (Lindenmayer and Hobbs 2004, Loyn et 
al. 2007) while, more broadly, scattered trees in farmland are undergoing rapid and 
widespread declines due to senescence, deliberate removal, and lack of recruitment 
(Gibbons and Boak 2002, Vesk and Mac Nally 2006).  Understanding the relative 
benefits of these elements will provide an insight into the likely effect of landscape 
change on birds in agricultural landscapes.  Plantations have the potential to provide 
conservation benefits, particularly where they replace cleared pastoral land 
(Lindenmayer and Hobbs 2004, Loyn et al. 2007), but careful management is required 
to ensure their conservation value is maximised (see Lindenmayer et al. 2002, 
Lindenmayer and Hobbs 2004, Loyn et al. 2007)   The substantial contribution that 
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scattered trees make to overall tree cover in agricultural landscapes (Reid and 
Landsberg 2000, Manning et al. 2006) suggests their loss will reduce habitat and 
resource availability in these environments: greater effort should be made to halt the 
decline of existing scattered trees and facilitate the recruitment of trees across rural 
environments for the future. 
 
 
4.6  Conclusions 
 
The extent of native vegetation cover is the most important influence on the status of 
birds in Australian agricultural landscapes: protection and sympathetic management of 
such remaining vegetation is a key priority.  However, while native vegetation will 
undoubtedly form the cornerstone of Australian conservation efforts, there can be no 
question that the more-modified countryside elements of agricultural environments will 
increasingly be called upon to contribute to species conservation in production-
dominated landscapes (Barrett et al. 1994, Bennett 1995, Fischer et al. 2005).  A 
complementary priority, then, is to identify ways in which careful management can 
enhance the conservation value of these countryside elements.  This will be 
particularly important in agricultural regions where little native vegetation remains.  
Such an increased focus on the role of countryside elements also offers opportunities 
to integrate nature conservation within the production environment.  
 
Our results highlight two main ways in which countryside elements may contribute to 
conservation efforts in agricultural landscapes.  First, elements such as scattered 
trees, linear vegetation and plantations add structural complexity to largely cleared 
agricultural landscapes and, consequently, are used by many native species in these 
environments.  For example, the regular use of scattered trees by a wide range of 
taxa, including birds, means their conservation value in agricultural landscapes 
demands greater attention (Law et al. 2000, Fischer and Lindenmayer 2002a, 
Lumsden and Bennett 2005, Manning et al. 2006).  Second, countryside elements 
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contribute to the overall heterogeneity of agricultural landscapes and, in doing so, 
offer a range of different opportunities for native wildlife (Benton et al. 2003, Fischer et 
al. 2005).  
 
The conservation value of countryside elements is also influenced by properties of the 
surrounding landscape: particularly the cover of native vegetation in the agricultural 
mosaic.  As well as reiterating the vital role of native vegetation, this finding highlights 
the importance of a landscape-scale approach to conservation management.  Birds 
respond to landscape elements at a broader scale than that of individual patches of 
different element types, therefore patches cannot be managed in isolation from their 
surroundings.  The frequent use of countryside elements by many species in this 
study highlights the value of considering and incorporating all types of elements into 
conservation management in agricultural landscapes. 
 
Chapter 5 
 
Relative value of ‘countryside’ vegetation as supplementary 
habitat for species of woodland birds in farm mosaics 
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Brown Thornbill Acanthiza pusilla: a woodland bird species 
recorded frequently at sample points in tree plantation in this study 
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5.1  Abstract 
 
The amount of habitat is often a limiting factor influencing the persistence of forest and 
woodland-dependent bird species in agricultural landscapes around the world.  There 
is growing evidence that patches of modified or semi-natural ‘countryside’ (matrix) 
vegetation are used by many species in production-oriented environments, but 
whether such elements (i.e. land-use/vegetation types) enhance the status of 
populations at the landscape scale is rarely tested.  Here, we examine the extent to 
which countryside elements supplement the landscape-scale cover of native 
vegetation for individual species of woodland-dependent bird.  Woodland birds were 
sampled in all types of landscape element in 27 farmland mosaics, each 1 x 1 km (100 
ha), in south-eastern Australia.  Wooded vegetation in each mosaic was quantified to 
reflect the cover of different types of elements: native vegetation only, and 
combinations of native vegetation plus countryside elements (scattered trees and 
plantation).  Responses of individual species of woodland bird (n = 30) to different 
measures of wooded vegetation cover were compared by using an information 
theoretic approach based on regression models.  The incidence of 24 species was 
positively related to these measures, indicating an increased occurrence in agricultural 
mosaics with greater cover of wooded vegetation.  Nine species showed a stronger 
response to measures of vegetation cover that included countryside elements, than to 
the cover of native vegetation alone.  For these species, elements such as scattered 
trees and tree plantations provided supplementary habitat that enhanced the status of 
populations at the landscape scale, beyond that sustained by native vegetation.  We 
conclude that, while native vegetation has a critical role in conservation efforts in 
agricultural environments, additional benefits to the woodland-dependent fauna will 
result from careful management of wooded countryside elements which also have a 
role in agricultural production (e.g. shelterbelts, shade trees) and land protection (e.g. 
revegetated patches and riparian strips).     
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5.2  Introduction 
 
Land-use change associated with agricultural development has led to the decline of 
many forest and woodland-dependent birds in Australia (Garnett and Crowley 2000, 
Ford et al. 2001).  This phenomenon is not restricted to Australia: on a global scale, 
the effects of habitat loss, fragmentation and alteration have caused unprecedented 
biodiversity losses (Wilcox and Murphy 1985).  Global forecasts predict a further 
expansion (18% increase) in the extent of land committed to agricultural production 
over the next 50 years (Tilman et al. 2001), and these regions often coincide with 
areas of high biological value and species richness (Scharlemann et al. 2004, Luck 
2007).  As a result, agricultural landscapes will necessarily have an important role in 
future conservation strategies (Vandermeer and Perfecto 2007, Harvey et al. 2008). 
 
Agricultural development poses a particular threat to species strongly associated with 
woodland and forest as these vegetation types are, or have been, routinely cleared to 
make way for production land-uses.  Patches of wooded vegetation are essential for 
the persistence of many woodland species in agricultural landscapes, with large 
patches generally being of greater value than small patches (Diamond 1975).  The 
positive relationship between woodland birds and native vegetation cover is also 
observed at the scale of entire landscapes (McGarigal and McComb 1995, Bennett et 
al. 2006).  More woodland species occur, and at increased frequency or abundance, 
in agricultural landscapes which have a greater cover of native vegetation (Trzcinski et 
al. 1999, Radford et al. 2005, Haslem and Bennett 2008a [Chapter 2]). 
 
The excessive loss of native vegetation (e.g. frequently >85%) in many agricultural 
regions in Australia has led to a call for extensive restoration and revegetation (Vesk 
and Mac Nally 2006); but conservation objectives alone are unlikely to precipitate 
restoration at the scale required (Hobbs 1993, Fischer et al. 2005).  Alternatively, 
studies from throughout the world have highlighted the value of structurally complex 
‘countryside’ (matrix) elements such as live-fences, hedgerows, tree plantations, 
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crops, residual shrubby areas, and scattered trees in farmland for providing habitat 
used by many species of woodland and forest birds (Petit et al. 1999, Hinsley and 
Bellamy 2000, Berg 2002, Harvey et al. 2006, Sekercioglu et al. 2007).  The value of 
these countryside elements has been related to their potential to increase the 
connectivity of fragmented landscapes (Renjifo 2001, Fischer and Lindenmayer 
2002b, Sekercioglu et al. 2007) or provide food and habitat resources (Hughes et al. 
2002, Luck and Daily 2003) for birds.  In Australia, countryside elements that provide 
similar structural complexity in farmland include scattered paddock trees, shelterbelts, 
patches of revegetation and tree plantations; all of which benefit agricultural 
production and land protection purposes also.  While there is growing evidence of the 
use of these elements (i.e. land-use/vegetation types) by bird species (Lindenmayer et 
al. 2002, Fischer et al. 2005, Munro et al. 2007), little is known of their potential benefit 
at the landscape scale.  Do such elements simply provide additional resources for 
populations sustained by remnant native vegetation, or do they provide supplementary 
habitat that enhances populations above that sustained by native vegetation?   
 
The aim of this study was to determine whether countryside elements in agricultural 
mosaics enhance the status of woodland bird species at the landscape scale.  We 
hypothesised that if countryside habitats do supplement native vegetation, individual 
species would respond more strongly to landscape-scale measures of vegetation 
cover that incorporate structurally complex countryside elements than to the cover of 
native vegetation alone.  Specifically, the objectives of this study were to: (1) examine 
the relationship between individual species of woodland bird and different measures of 
the cover of wooded vegetation in farm mosaics; and (2) determine how well the 
regional pool of woodland-dependent species is represented in farm-scale mosaics.  
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5.3  Methods 
 
5.3.1  Study area 
This study was undertaken on the Gippsland Plains in eastern Victoria, Australia (Fig. 
2.1, Chapter 2).  Climatic conditions on the Gippsland Plains are temperate, and the 
annual rainfall (mean 700 mm) is distributed relatively uniformly across the year (Ward 
1977, Land Conservation Council Victoria 1982).  The lowland alluvial and coastal 
plains of the region once supported widespread grasslands, grassy woodlands and 
grassy forests (Lunt 1997b).  Since European colonisation in the early 1840s (Lunt 
1997b), most indigenous vegetation (86%) has been cleared for agricultural 
production.  Pastoral land now predominates and softwood (Pinus radiata) and 
hardwood (Eucalyptus globulus) plantations are common in some areas.  While some 
large remnants of native vegetation remain on less fertile soils (Lunt 1997c), the native 
vegetation remaining in the majority of the study region occurs in small patches and 
roadside strips.  Gippsland Red Gum E. tereticornis subsp. mediana and White 
Stringybark E. globoidea dominate the canopy of native forest and woodland patches, 
with other common species including Coastal Manna Gum E. viminalis subsp. 
pryoriana, Red Box E. polyanthemos subsp. vestita and Apple Box E. bridgesiana.  
Understorey strata contain Saw Banksia Banksia serrata and Austral Bracken 
Pteridium esculentum, together with grassland and heathland species (Land 
Conservation Council Victoria 1982, Lunt 1997a).   
 
5.3.2  Study design 
Bird surveys were undertaken in 27 farm mosaics, each 1 x 1 km (100 ha) in size 
(Haslem and Bennett 2008a [Chapter 2]).  These mosaics were selected to 
incorporate variation in two factors: the cover of native vegetation and the number of 
different landscape elements.  Five types of landscape element were recognised in 
this study: all are characteristic of agricultural landscapes in Australia (Ford and 
Barrett 1995, Law et al. 2000, Fischer et al. 2005).  1. Native vegetation: patch of 
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remnant or regenerating native vegetation, subject to relatively low level of human  
disturbance.  2. Linear vegetation: linear strip of vegetation (width ≤50 m) primarily 
composed of native vegetation along roads or, uncommonly, planted shelterbelts of 
exotic or non-indigenous trees; subject to increased disturbance intensity and 
frequency.  3. Scattered paddock trees: grassy area of widely-spaced (thinned) native 
trees, commonly lacking understorey vegetation and grazed by stock.  4. Pasture: 
grassy area cleared of canopy and understorey vegetation, commonly grazed by 
stock; infrequently containing isolated paddock trees (<20% of sample points 
contained isolated trees).  5. Plantation: patch of non-indigenous hardwood (E. 
globulus) or exotic softwood (P. radiata) plantation, commonly lacking understorey 
vegetation.   
 
Fifteen fixed sampling locations were established in each study mosaic.  Sample 
points were distributed amongst all landscape elements (>1 ha in area), stratified in 
proportion to their cover in mosaics.   
 
5.3.3  Wooded vegetation cover in mosaics 
For each mosaic, four measures of the extent of wooded vegetation cover were 
quantified.  Each was calculated by combining the area (ha) of different types of 
landscape elements.   
1. Native vegetation (NatVeg): Natveg represents the total amount of relatively intact 
native eucalypt vegetation in mosaics (including remnant patches and linear strips of 
native vegetation) and forms the basis of all additional measures of wooded 
vegetation cover. 
2. Indigenous vegetation (IndVeg): IndVeg quantifies the cover of indigenous wooded 
vegetation in mosaics, regardless of disturbance level (NatVeg and scattered trees).   
3. Dense wooded vegetation (DenseVeg): DenseVeg measures the extent of dense 
wooded vegetation cover in mosaics, regardless of canopy composition (NatVeg and 
plantation). 
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4. All wooded vegetation (AllVeg): AllVeg provides a measure of the total cover of all 
wooded vegetation types in mosaics (NatVeg, scattered trees and plantation). 
 
5.3.4  Bird surveys 
Bird point counts were undertaken at each sample point (n = 15) in all mosaics.  All 
species seen or heard in a 10 min period, within an area of 0.3 ha (30 m radius), were 
recorded by a single observer (AH).  Birds were surveyed on six occasions (survey 
rounds) in each mosaic; three rounds were conducted in each of the breeding and 
non-breeding months of a one-year period (October 2004 – August 2005).  The 
sequence in which sample points were visited, both within and between mosaics, 
varied between consecutive survey rounds.   
 
This study focuses on ‘woodland’ birds, those species that rely on native vegetation to 
fulfil their daily habitat requirements (classification follows Radford and Bennett 
(2005)).  These are the species of greatest conservation concern in Australian 
agricultural environments (Ford et al. 2001).  First, we examined the degree to which 
the regional pool of woodland birds was represented in the farmland-dominated 
landscapes of the study region.  We compiled a list of the woodland species, including 
those observed off-plot and incidentally, recorded across all mosaics.  This allowed a 
comparison of the woodland species occurring in agricultural mosaics with the 
complete woodland avifauna recorded by Atlas surveys from the greater Gippsland 
Plain region (Radford and Bennett 2005). 
 
Second, we investigated the relationship between the occurrence of individual species 
of woodland bird and the four measures of wooded vegetation cover in mosaics.  
Incidence values were calculated for each species by determining the number of 
sample points, out of 15, at which the species was recorded in each mosaic.  Only on-
plot records were used, and records of birds in flight were included only for species 
that feed on the wing (Dusky Woodswallow Artamus cyanopterus, Tree Martin 
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Hirundo nigricans).  Incidence values were calculated for all species recorded in ten or 
more mosaics, and provided a measure of the frequency of occurrence of each 
species in study mosaics.   
 
5.3.5  Statistical analyses 
Simple linear regressions were used to investigate the relationship between the 
incidence of woodland species and each measure of wooded vegetation cover in 
mosaics.  If countryside elements, such as scattered trees or tree plantation, are 
perceived by woodland birds as supplementary habitat to native vegetation, then we 
expected that there would be a stronger relationship with the combined extent of 
vegetation than with native vegetation alone.  To compare between the four models 
produced for each species, Akaike’s information criterion (corrected for small sample 
sizes: AICc) was calculated for each model (Quinn and Keough 2002).  This approach 
is commonly applied in multivariate situations as it balances the fit and complexity (i.e. 
number of parameters) of different models.  Here, it provided a means of comparing 
the relative support for each model produced for different species, rather than simply 
selecting the model with the ‘best’ fit (i.e. highest r2 value).  The model with the lowest 
AICc value is considered the best at approximating the relationship between predictor 
and response variables, however more than one model may have substantial support 
(Burnham and Anderson 2002).  To identify the set of models with substantial support, 
AICc differences (Δi) were calculated by comparing the AICc value of the best model to 
that of the three others produced for each species.  All models with a Δi ≤ 2 have 
substantial support (Burnham and Anderson 2002).  Thus, we were able to determine 
if woodland species responded strongly to more than one measure of the vegetation 
cover in mosaics.  Incidence values were square-root transformed prior to analysis 
and regression modelling was undertaken in SPSS v.11.5 (SPSS 2003).    
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5.4  Results 
 
5.4.1  Wooded vegetation cover in mosaics 
The landscape elements that contributed to the four measures of wooded vegetation 
cover each occurred in a different number of mosaics (Table 5.1).  Twenty-four 
mosaics contained native vegetation while plantation occurred in six mosaics.  
Likewise, the contribution that these elements made to AllVeg (total wooded 
vegetation cover in mosaics) also differed (Table 5.1).  The total amount of native 
vegetation (NatVeg) made, on average, the largest contribution to AllVeg while 
scattered trees and plantation contributed less.  Nevertheless, each of these elements 
comprised the full extent of wooded vegetation cover in at least one mosaic. 
 
5.4.2  Representation of the regional pool of woodland birds in farmland mosaics 
A total of 86 species of woodland bird have been recorded in the greater Gippsland 
Plain region in which the study area was located (Table 5.2).  Fifty-six woodland 
species (65%) were recorded in the agricultural mosaics sampled in this study, 26 of  
 
 
Table 5.1.  Summary statistics of the cover of landscape elements in mosaics, and their 
contribution to AllVeg, the measure of total vegetation cover in mosaics.  Each mosaic 
is 100 ha in size, so values represent both the area (ha) and percentage cover. 
 
Landscape element Min. Max. Mean Std. dev. 
Cover in study mosaics (ha)     
   Native vegetation (n = 24 mosaics) 0 100.0 47.8 29.8 
   Linear vegetation (n = 13) 0 3.8 0.8 1.1 
   Scattered trees (n = 18) 0 45.3 7.4 11.2 
   Plantation (n = 6) 0 64.6 6.4 15.1 
Contribution to AllVeg (%)     
   Native vegetationa 0 100.0 71.8 33.7 
   Scattered trees 0 100.0 14.2 30.0 
   Plantation 0 100.0 14.0 29.3 
a includes linear strips of native vegetation 
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Table 5.2.  Woodland species recorded in the greater Gippsland Plain region, the broad 
vegetation type with which they are primarily associated, and their range (adapted from 
Radford and Bennett 2005).  Species are ordered by the number of study mosaics in 
which they were recorded.   
 
Common name Scientific name Habitat  Rangea Mosaicsb 
Species not recorded in this study (n = 30 species) 
   Azure Kingfisher Ceyx azurea Woodland Marginal 0 
   Beautiful Firetail Stagonopleura bella Heathland Typical 0 
   Bell Miner Manorina melanophrys Forest Typical 0 
   Black-faced Monarch Monarcha melanopsis Forest Marginal 0 
   Brown Gerygone Gerygone mouki Forest Marginal 0 
   Brown Quail Coturnix ypsilophora Woodland Marginal 0 
   Brush Bronzewing Phaps elegans Forest Typical 0 
   Chestnut-rumped Heathwren Hylacola pyrrhopygia Woodland Typical 0 
   Cicadabird Coracina tenuirostris Forest Marginal 0 
   Forest Raven Corvus tasmanicus Heathland Marginal 0 
   Large-billed Scrubwren Sericornis magnirostris Forest Marginal 0 
   Lewin's Honeyeater Meliphaga lewinii Forest Marginal 0 
   Little Lorikeet Glossopsitta pusilla Woodland Marginal 0 
   Olive Whistler Pachycephala olivacea Forest Typical 0 
   Painted Button-quail Turnix varia Woodland Typical 0 
   Peaceful Dove Geopelia striata Woodland Marginal 0 
   Pilotbird Pycnoptilus floccosus Forest Typical 0 
   Pink Robin Petroica rodinogaster Forest Typical 0 
   Red-browed Treecreeper Climacteris erythrops Forest Typical 0 
   Red-capped Robin Petroica goodenovii Woodland Vagrant 0 
   Southern Emu-wren Stipiturus malachurus Heathland Typical 0 
   Spiny-cheeked Honeyeater Acanthagenys rufogularis Woodland Marginal 0 
   Spotted Quail-thrush Cinclosoma punctatum Woodland Marginal 0 
   Striated Fieldwren Calamanthus fuliginosus Heathland Typical 0 
   Superb Lyrebird Menura movaehollandiae Forest Typical 0 
   Swift Parrot Lathamus discolor Woodland Marginal 0 
   Tawny-crowned Honeyeater Phylidonyris melanops Heathland Marginal 0 
   White-bellied Cuckoo-Shrike Coracina papuensis Woodland Marginal 0 
   White-browed Woodswallow Artamus superciliosus Woodland Typical 0 
   Yellow-tufted Honeyeater Lichenostomus melanops Woodland Marginal 0 
Species recorded only in mosaics with > 20% cover of NatVeg (n = 26) 
   White-throated Gerygone Gerygone olivacea Woodland Marginal 1 
   Brush Cuckoo Cacomantis variolosus Forest Marginal 1 
   Wonga Pigeon Leucosarcia melanoleuca Forest Marginal 1 
111 
Chapter 5 – Woodland birds and wooded vegetation cover in mosaics  
112 
Common name Scientific name Habitat  Rangea Mosaicsb 
   Diamond Firetail Stagonopleura guttata Woodland Marginal 1 
   Rose Robin Petroica rosea Forest Typical 2 
   Crested Shrike-tit Falcunculus frontatus Woodland Typical 2 
   Crescent Honeyeater Phylidonyris pyrrhoptera Forest Typical 2 
   Horsfield's Bronze-Cuckoo Chrysococcyx basalis Woodland Typical 2 
   White-winged Triller Lalage sueurii Woodland Vagrant 3 
   Little Wattlebird Anthochaera chrysoptera Woodland Typical 4 
   Rufous Fantail Rhipidura rufifrons Forest Typical 4 
   Red-browed Finch Neochmia temporalis Woodland Typical 6 
   Eastern Whipbird Psophodes olivaceus Forest Typical 7 
   Dusky Woodswallow Artamus cyanopterus Woodland Typical 7 
   White-naped Honeyeater Melithreptus lunatus Woodland Typical 8 
   Noisy Friarbird Philemon corniculatus Woodland Marginal 10 
   Flycatcher sp Myiagra sp. Woodland Typical 12 
   Sacred Kingfisher Todiramphus sanctus Woodland Typical 13 
   Buff-rumped Thornbill Acanthiza reguloides Woodland Typical 13 
   Mistletoebird Dicaeum hirundinaceum Woodland Typical 14 
   Brown-headed Honeyeater Melithreptus brevirostris Woodland Typical 18 
   Weebill Smicrornis brevirostris Woodland Marginal 19 
   Yellow Thornbill Acanthiza nana Woodland Typical 20 
   White-eared Honeyeater Lichenostomus leucotis Woodland Typical 20 
   White-throated Treecreeper Cormobates leucophaeus Woodland Typical 21 
   Spotted Pardalote Pardalotus punctatus Woodland Typical 21 
Species recorded in mosaics with < 20% cover of NatVeg (n = 30) 
   Bassian Thrush Zoothera lunulata Forest Typical 1 
   Australian King-Parrot Alisterus scapularis Woodland Marginal 2 
   Satin Bowerbird Ptilonorhynchus violaceus Forest Marginal 4 
   Shining Bronze-Cuckoo Chrysococcyx lucidus Woodland Typical 5 
   New Holland Honeyeater Phylidonyris novaehollandiae Heathland Typical 6 
   Yellow-tailed Black-Cockatoo Calyptorhynchus funereus Woodland Typical 9 
   Fan-tailed Cuckoo Cacomantis flabelliformis Woodland Typical 11 
   Grey Currawong Strepera versicolor Woodland Typical 11 
   Gang-gang Cockatoo Callocephalon fimbriatum Woodland Typical 12 
   Tree Martin Hirundo nigricans Woodland Typical 14 
   Scarlet Robin Petroica multicolor Woodland Typical 17 
   Eastern Yellow Robin Eopsaltria australis Woodland Typical 19 
   Varied Sittella Daphoenositta chrysoptera Woodland Typical 20 
   Yellow-faced Honeyeater Lichenostomus chrysops Woodland Typical 21 
   White-browed Scrubwren Sericornis frontalis Woodland Typical 21 
   White-winged Chough Corcorax melanorhamphos Woodland Typical 22 
   Pied Currawong Strepera graculina Woodland Typical 22 
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Common name Scientific name Habitat  Rangea Mosaicsb 
   Olive-backed Oriole Oriolus sagittatus Woodland Typical 23 
   Eastern Spinebill Acanthorhynchus tenuirostris Woodland Typical 23 
   Brown Thornbill Acanthiza pusilla Woodland Typical 23 
   Common Bronzewing Phaps chalcoptera Woodland Typical 23 
   Striated Thornbill Acanthiza lineata Woodland Typical 24 
   Jacky Winter Microeca leucophaea Woodland Typical 25 
   Superb Fairy-wren Malurus cyaneus Woodland Typical 25 
   Golden Whistler Pachycephala pectoralis Woodland Typical 26 
   Grey Shrike-thrush Colluricincla harmonica Woodland Typical 26 
   Red Wattlebird Anthochaera carunculata Woodland Typical 26 
   Rufous Whistler Pachycephala rufiventris Woodland Typical 26 
   Crimson Rosella Platycercus elegans Woodland Typical 27 
   Grey Fantail Rhipidura fuliginosa Woodland Typical 27 
a Typical: regularly/historically occurs in a substantial part of the greater Gippsland Plain region 
  Marginal: occurs at the periphery of the greater Gippsland Plain region 
  Vagrant: rare/irregular visitors to the greater Gippsland Plain region 
b based on all records of woodland species (on-plot, off-plot, incidental observations) 
 
 
which were recorded only in mosaics with >20% native vegetation cover.  Of the 30 
species not recorded in this study, 17 (57%) were classified a priori as being marginal 
or vagrant in the region (Table 5.2).  Others favour vegetation types not well 
represented in study mosaics, such as wet forest (e.g. Pink Robin Petroica 
rodinogaster, Pilot Bird Pycnoptilus floccosus and Red-browed Treecreeper 
Climacteris erythrops). 
 
5.4.3  Species incidence and wooded vegetation cover in mosaics  
Thirty species of woodland birds were recorded in ten or more mosaics when only on-
plot records were considered (Table 5.3).  The incidence of 25 of these species was 
successfully modelled using different measures of wooded vegetation cover (i.e. the 
95% confidence intervals of parameter estimates did not include zero) (Table 5.3).  All 
but one (Tree Martin) showed a positive relationship with wooded vegetation cover.  
Thus, the majority of individual species of woodland bird occurred more frequently in 
mosaics with a greater cover of wooded vegetation. 
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Table 5.3.  AICc values for linear regression models relating the incidence of woodland 
species to different measures of wooded vegetation cover.  Details of the best model 
(lowest AICc value: shown in bold) for each species are provided.  All models with 
substantial support (AICc Δi ≤ 2 of best) are underlined. 
 
Bird species 
 
NatVeg 
 
IndVeg 
 
DenseVeg 
 
AllVeg 
   
Coefficient 
(Beta) 
r2 
 
Species related to one measure of wooded vegetation cover 
   Striated Thornbill -29.88 -22.79 -15.37 -13.16   0.80* 0.64 
   Yellow-faced Honeyeater -8.54 -4.08 -1.10 1.03   0.61* 0.37 
   Spotted Pardalote -20.32 -15.44 -12.14 -10.04   0.60* 0.36 
   Weebill -6.08 -9.25 -3.00 -4.89   0.49* 0.24 
   Golden Whistler -29.68 -25.45 -37.33 -30.38   0.63* 0.40 
   Grey Shrike-thrush -15.36 -11.35 -23.28 -16.52   0.63* 0.40 
   Tree Martin -31.44 -29.27 -34.88 -32.15   -0.49* 0.24 
   Brown Thornbill 2.70 4.04 -1.82 1.15   0.45* 0.20 
   Crimson Rosella -17.62 -18.86 -18.54 -21.02   0.47* 0.22 
Species related to two measures of wooded vegetation cover   
   Mistletoebird -23.37 -22.76 -20.21 -19.96  0.37* 0.14 
   Varied Sittella -26.74 -22.52 -26.48 -23.27  0.57* 0.33 
   Superb Fairy-wren -10.30 -6.50 -9.10 -6.08  0.49* 0.25 
   Rufous Whistler -15.08 -12.00 -13.48 -11.31  0.38* 0.14 
   Yellow Thornbill -11.03 -11.52 -7.84 -8.12  0.40* 0.16 
   Grey Fantail -37.30 -29.85 -39.07 -32.12  0.68* 0.46 
   Brown-headed Honeyeater -26.50 -23.88 -27.78 -25.24  0.46* 0.22 
   White-browed Scrubwren -2.18 -1.26 -7.18 -6.10  0.48* 0.23 
   Scarlet Robin -14.58 -13.06 -18.60 -17.64  0.54* 0.29 
   Red Wattlebird -20.18 -18.16 -22.38 -22.55  0.66* 0.43 
   Pied Currawong -15.99 -16.01 -18.37 -19.39  0.34 0.12 
Species related to three measures of wooded vegetation cover  
   White-throated Treecreeper -10.17 -6.68 -11.82 -10.16  0.66* 0.44 
   Buff-rumped Thornbill -11.93 -10.23 -13.13 -12.16  0.50* 0.25 
Species related to all measures of wooded vegetation cover  
   Eastern Spinebill -15.05 -13.73 -13.97 -13.69  0.52* 0.23 
   White-eared Honeyeater -2.13 -0.78 -1.19 -0.39  0.42* 0.17 
   Olive-backed Oriole -27.64 -27.57 -27.22 -28.10  0.47* 0.22 
   Flycatcher sp -32.39 -33.01 -32.37 -33.54  0.37* 0.14 
   Jacky Winter -6.98 -6.58 -6.24 -6.54  0.17 0.03 
   White-winged Chough -21.05 -21.22 -20.46 -20.52  -0.17 0.03 
   Common Bronzewing -23.93 -24.14 -23.99 -23.91  -0.09 0.01 
   Eastern Yellow Robin -1.77 -0.21 -2.03 -0.62  0.35 0.12 
* models for which 95% confidence interval of parameter estimate does not include zero 
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For each species, the number of models with substantial support (i.e. AICc Δi ≤ 2) 
varied between one and four (Table 5.3).  More species showed a strong relationship 
with one (n = 9 species) or two (n = 10) measures of wooded vegetation cover than 
responded to three or all four measures (n = 2 and 4, respectively).  For example, 
Striated Thornbill Acanthiza lineata (NatVeg), Weebill Smicrornis brevirostris (IndVeg), 
Grey Shrike-thrush Colluricincla harmonica (DenseVeg) and Crimson Rosella 
Platycercus elegans (AllVeg) all responded strongly to only one measure of wooded 
vegetation cover.  The relationship between the incidence of these species and each 
measure of wooded vegetation cover is shown in Fig. 5.1.  Species for which there 
was not a clear preference for a particular measure of wooded vegetation cover (i.e. 
species showing a strong relationship with all measures) included Eastern Spinebill 
Acanthorhynchus tenuirostris, White-eared Honeyeater Lichenostomus leucotis and 
Olive-backed Oriole Oriolus sagittatus (Table 5.3).   
 
For nine species (36% of 25), the model including NatVeg was not contained within 
the group that had substantial support.  That is, the landscape-scale incidence of 
these species was most strongly related to a measure of wooded cover that included 
countryside vegetation in addition to native vegetation.  For species showing a 
positive relationship with NatVeg, this provides evidence that the incidence of these 
woodland birds was enhanced by countryside elements.  These species included 
Weebill, Golden Whistler Pachycephala pectoralis, Grey Shrike-thrush, Brown 
Thornbill Acanthiza pusilla, Crimson Rosella, White-browed Scrubwren Sericornis 
frontalis, Scarlet Robin Petroica multicolor and Red Wattlebird Anthochaera 
carunculata (Table 5.3).  More of these species showed the closest relationship with 
measures of wooded vegetation that included plantation (n = 5 species), than either 
scattered trees (n = 1) or both elements (n = 2).   
 
In contrast, for those species for which the group of models with substantial support 
did include NatVeg, the value of countryside elements as supplementary habitat was 
inconclusive.   For example, there was insufficient evidence to suggest that the 
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incidence of species such as Yellow Thornbill Acanthiza nana, White-throated 
Treecreeper Corombates leucophaeus and Grey Fantail Rhipidura fuliginosa was 
enhanced by the cover of countryside elements at the landscape scale (Table 5.3).  
The incidence of these species could equally be attributed to the cover of native 
vegetation alone.  
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Fig. 5.1.  Actual incidence (squares) and predicted incidence (back-transformed values: lines) of: a) Striated Thornbill, b) Weebill, c) 
Grey Shrike-thrush, and d) Crimson Rosella in relation to different measures of vegetation cover in mosaics.  Arrows identify the 
measure of vegetation cover contained in the best model for each species.    
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5.5  Discussion 
 
5.5.1  Woodland birds in farmland landscapes 
In this study, woodland birds were systematically surveyed in all types of landscape 
element in 27 agricultural mosaics.  Despite more than 2000 individual point surveys, 
35% of the woodland species known to occur in the broader region were not recorded.  
For some, this can be attributed to their uncommon occurrence in the region (i.e. 
marginal or vagrant species: 53%) or their primary association with wetter forest or 
heathland vegetation which were infrequently represented here (Radford and Bennett 
2005: Table 5.2).  However, for other species such as Chestnut-rumped Heathwren 
Hylacola pyrrhopygia, Painted Button-quail Turnix varia and Brush Bronzewing Phaps 
elegans, it is more likely they have been unable to persist in the highly-modified 
environments that characterised study mosaics.  
 
Of the woodland species that were recorded in agricultural mosaics, almost one-fifth 
were recorded in one or two mosaics only, indicating that they are uncommon in the 
study region.  Further, 46% were recorded only in mosaics with more than 20% cover 
of native vegetation.  The combination of these results has mixed implications for the 
conservation of woodland species in the agricultural study region.  It indicates that, 
while most of the more widespread woodland species in the region do occur in 
farmland mosaics, many currently occur at low frequencies (e.g. Diamond Firetail 
Stagonopleura guttata, White-throated Gerygone Gerygone olivacea and Crested 
Shrike-tit Falcunculus frontatus). The population demography and conservation status 
of such species, and hence their likelihood of long-term persistence in rural mosaics, 
is not clear.  As a result, it is considered unlikely that the proportion of the broader 
woodland avifauna currently recorded in the agricultural mosaics sampled here (65%) 
is stable: further loss of woodland species from these farmland landscapes is likely to 
occur in the future.  
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5.5.2  Woodland bird species and wooded vegetation cover in farmland mosaics 
All but one (Tree Martin) of the individual species of woodland bird showing a strong 
relationship with measures of wooded vegetation cover responded positively to these 
measures.  Tree Martins were always observed in flight and, as this species feeds on 
the wing, this relationship reflects their capacity to forage in countryside elements: it 
does not indicate a negative association with native vegetation per se.  Previous work 
showed that the richness of woodland bird species in mosaics was positively related 
to the cover of native vegetation at the level of ‘whole’ mosaics in the study area 
(Haslem and Bennett 2008a [Chapter 2]).  Here, current results indicate that native 
vegetation also positively influences the frequency of occurrence of individual 
woodland species at the landscape scale.  This can be attributed to the relationship 
between amount of habitat and population size: as the overall extent of wooded 
vegetation cover in a farm mosaic increases, the associated increase in population 
size results in a greater frequency of occurrence of species at sample points across 
the mosaic.  Thus, the overall extent of wooded vegetation cover has a critical role in 
the conservation of individual species in modified environments, as well as in 
maintaining diverse bird assemblages. 
 
5.5.3  Countryside elements provide supplementary habitat for woodland birds 
The value to birds of countryside elements such as plantations, hedgerows, 
shelterbelts, paddock trees and residual shrubby areas has been identified in a range 
of countries including Nicaragua (Harvey et al. 2006), Sweden (Berg 2002), Costa 
Rica (Sekercioglu et al. 2007), USA (Best et al. 1995) and the UK (Fuller et al. 2004).  
Likewise in Australia, scattered paddock trees are recognised as an important habitat 
resource for native birds in agricultural environments (Law et al. 2000, Fischer and 
Lindenmayer 2002b, Manning et al. 2004), patches of revegetation are used by many 
species (Ryan 1999, Munro et al. 2007) and tree plantations provide habitat that is 
used by select woodland species (Friend 1982, Curry 1991, Lindenmayer and Hobbs 
2004).  However, these studies are generally based on the occurrence of species at 
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sites or in patches of these elements.  They provide information on whether an 
element is used by birds, and the range of species that use it as habitat (e.g. for 
foraging or refuge), but they do not shed light on how such elements affect the status 
of species at the landscape scale.   
 
In this study, the benefit of countryside elements for woodland birds was assessed 
based on their contribution to the incidence of species in entire farm mosaics.  For at 
least nine species, these modified elements were found to enhance the incidence of 
the species above that which could be attributed to native vegetation alone.  
Conversely, for three species (Striated Thornbill, Yellow-faced Honeyeater 
Lichenostomus chrysops, Spotted Pardalote Pardalotus punctatus), the evidence 
suggested that the increased cover of woody vegetation due to countryside elements 
did not enhance their incidence in farm mosaics.  For numerous other species, known 
to use countryside elements in the study area (Haslem and Bennett 2008b [Chapter 
4]), the evidence was not sufficient to conclude that the cover of such elements 
enhanced the landscape-scale status of the species.  These results confirm that for at 
least a component of the woodland avifauna, structurally complex countryside 
elements in agricultural environments do more than just ‘soften the matrix’: they 
provide supplementary habitat which has population benefits at the landscape scale.   
 
Scattered trees and plantations both supplemented the cover of native vegetation for 
several woodland bird species, including Crimson Rosella and Red Wattlebird.  This 
result implies that these species benefit from at least two types of countryside 
element, and thus are relatively tolerant of habitat modification in agricultural 
environments.  Both were among the more-widespread woodland bird species in the 
study area (Table 5.2).  Other species were found to benefit primarily from 
supplementation by one or other of these countryside elements.  As plantations are 
considered to be regularly used by only a small number of woodland birds in Australia 
(see Lindenmayer and Hobbs 2004), it is interesting that most of the species for which 
countryside elements supplemented native vegetation responded to this element.  
120 
Chapter 5 – Woodland birds and wooded vegetation cover in mosaics  
 
Nevertheless, most belonged to a suite of species regularly recorded in plantations 
(e.g. Golden Whistler, Grey Shrike-thrush, Brown Thornbill and White-browed 
Scrubwren) (Friend 1982, Lindenmayer et al. 2002, Loyn et al. 2007).  The dense 
vegetation in lower strata of plantations provides foraging opportunities for bird 
species, such as many of these, that forage in understorey vegetation (Loyn et al. 
2007).  This association suggests that the value of plantation was related more 
strongly to the resources it provided, albeit for only a small number of woodland birds, 
than to its capacity to facilitate bird movements between otherwise isolated habitat 
patches in the landscape (e.g. Renjifo 2001).     
 
Scattered trees provide resources for foraging, nesting and refuge in agricultural 
landscapes in Australia, and also function as stepping stones to facilitate movements 
across cleared areas (Law et al. 2000, Fischer and Lindenmayer 2002b, Manning et 
al. 2004).  It was therefore surprising that fewer woodland species were found to use 
scattered trees, than plantation, to supplement the landscape-scale cover of native 
vegetation.  Even so, the incidence of at least three species (Weebill, Crimson Rosella 
and Red Wattlebird) was increased in mosaics with a greater cover of scattered trees.  
In combination with the fact that scattered trees provide a range of benefits for bird 
species in the study area (Haslem and Bennett 2008a [Chapter 2], b [Chapter 4]), and 
in many other regions (Fischer and Lindenmayer 2002a, Luck and Daily 2003, Harvey 
et al. 2006, Manning et al. 2006, Sekercioglu et al. 2007), these results confirm the 
value of this element for avifaunal conservation in agricultural landscapes.   
 
It is critical to emphasise that these findings do not imply that wooded countryside 
elements can replace the habitat provided by native vegetation.  Our results suggest 
only that these countryside elements provide resources that some, but not all, 
woodland birds use to supplement those provided by native vegetation.  Nevertheless, 
both plantation and scattered trees are likely to provide valuable conservation benefits 
for these woodland birds in farmland environments.   
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5.5.4  Conservation implications 
Results from this study show that many species of woodland birds do occur in 
agricultural environments in Australia, but many do so at a low frequency.  This has 
several implications.  First, it is unlikely that conservation efforts in landscapes 
committed to agricultural production will ensure the long-term persistence of all 
woodland species.  However, agricultural landscapes clearly have an important role in 
complementing regional conservation reserves where extensive tracts of native 
vegetation can support large populations of many species and provide habitat for 
area-sensitive species.  Second, there is considerable scope for improving the 
conservation ‘value’ of agricultural landscapes so that they make a greater 
contribution to conservation management for many woodland species.   
 
Native vegetation is essential for the persistence of woodland-dependent bird species 
in agricultural environments; but this study supports the value of countryside elements 
in providing supplementary wooded habitat.  In situations where native vegetation is 
scarce and economic imperatives mean that increasing native vegetation for 
conservation purposes is difficult, retention of modified elements (e.g. scattered trees) 
and establishment of vegetation with agricultural (e.g. shelterbelts), economic (e.g. 
tree plantations, agroforestry plots) or land protection benefits (e.g. revegetated 
riparian strips) can supplement the landscape-scale cover of wooded habitat.  An 
important result from this research is that the benefits associated with these elements, 
previously identified at the level of individual patches (Petit et al. 1999, Fischer and 
Lindenmayer 2002a, Harvey et al. 2006), also extend to the scale of entire 
landscapes.  That is, for at least a subset of species, modified countryside habitats 
enhance the landscape-scale status of populations over and above that supported by 
remnant native vegetation.  We conclude that management of agricultural landscapes 
for conservation objectives must give priority to protecting and enhancing native 
vegetation cover, but will also benefit from a greater focus on maximising the value of 
countryside elements for woodland species. 
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Synthesis and implications for bird conservation and land 
management in agricultural environments 
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Spiny-cheeked Honeyeater 
Acanthagenys rufogularis: a 
woodland bird species documented 
in the greater Gippsland Plain region 
but not recorded in this study 
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Jacky Winter Microeca 
leucophaea: a woodland bird 
species recorded in most of 
the agricultural mosaics 
sampled in this study
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6.1  Thesis overview 
 
Agricultural environments are critical to the conservation of biota throughout the world 
(Daily et al. 2001, Vandermeer and Perfecto 2007).  Conservation efforts in 
production-oriented landscapes, however, are complicated by conflicts with production 
considerations as well as a reduced extent of the habitats on which species at 
increased risk of decline often depend (Green et al. 2005, Harvey et al. 2008).  
Consequently, a greater understanding of how best to maximise conservation 
opportunities in agricultural environments is urgently required. 
 
Research into the occurrence of fauna in agricultural environments has commonly 
focussed on either the natural and semi-natural elements (see Andrén 1994, Haila 
2002), or the more modified elements (e.g. Best et al. 1995, Daily et al. 2001), within 
these landscapes.  These complementary approaches have been underpinned by 
different research paradigms and have both provided valuable insights into the 
conservation status of fauna in agricultural landscapes (Chapter 1).  The role of 
landscape properties, particularly the extent and configuration of habitat cover, has 
been emphasised by research arising from the habitat fragmentation paradigm, and 
this topic formed the first broad theme of this study.  This theme was explored in 
Chapters 2 and 3 by investigating the influence of landscape properties on the 
richness of bird species, and the composition of bird assemblages, respectively, in 
agricultural mosaics.   
 
The potential value of a diverse range of elements in farmland, as identified by 
research based on the countryside biogeography paradigm, formed the second theme 
investigated here.  This theme was the primary focus of Chapters 4 and 5.  The 
relative value of different types of landscape element, countryside and natural, to birds 
was investigated in Chapter 4.  Chapter 5 examined the potential for countryside 
elements to provide supplementary habitat for individual species of woodland bird in 
agricultural mosaics.   
Chapter 6 - Synthesis 
As these two research approaches were combined in this study, all chapters have 
provided insights into both themes.  The aim of this final chapter is to synthesise all 
findings in relation to each theme (Table 6.1), and discuss the associated implications 
for bird conservation and land management in agricultural landscapes. 
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Table 6.1.  Key findings in relation to the objectives of this study and their implications for bird conservation and land management in 
agricultural landscapes. 
 
Theme Objectives Key findings 
Landscape 
properties 
Investigate the relative effect of the cover, 
configuration and heterogeneity of landscape 
elements on bird richness in mosaics 
 
Determine if the effect of mosaic properties differs 
between species with different resource 
requirements 
 
 
Determine if the composition of bird assemblages 
varies in relation to gradients of landscape change 
 
 
Examine the influence of mosaic properties on the 
composition of bird assemblages 
 
Test if variation in bird assemblages relates to 
avian life-history traits 
 Up to 76% of landscape-level variation in bird richness was attributed to mosaic properties 
 Influential properties included: 1) extent of element cover; 2) mosaic heterogeneity; and, 3) 
landscape context (external native vegetation cover) 
 
 Habitat-associated bird groups were influenced by different mosaic properties 
 Groups responded to the cover of their preferred element in mosaics: woodland birds were richer in 
mosaics with more native vegetation while open-tolerant species were richer in mosaics with more 
scattered trees 
 
 Bird assemblages varied systematically along two landscape-scale gradients of agricultural 
development: the removal of wooded vegetation and the replacement of indigenous vegetation with 
exotic species 
 
 Landscape modification gradients that influenced bird assemblages were defined by the proportional 
composition of different element types in mosaics 
 
 Species possessing different characteristics in relation to nest type, feeding guild and clutch size 
showed strong organisation along bird assemblage/landscape modification gradients 
Countryside 
elements 
Investigate the ‘habitat’ value of different 
countryside elements for birds 
 
 
 
 
 Native vegetation was the most important element for the majority of bird species in agricultural 
landscapes 
 With the exception of pasture, all countryside elements had value for many species, including 
woodland birds 
 Each type of landscape element contained distinct bird assemblages 
 
 Theme Objectives Key findings 
Examine the influence of mosaic properties on 
woodland species in different landscape elements  
 
 
 
Determine how well the regional pool of woodland 
species is represented in mosaics 
 
Examine the relationship between individual 
species of woodland bird and different types of 
wooded vegetation cover in mosaics 
 Properties of the surrounding mosaic influenced the richness of woodland birds at sites in some 
elements 
 Native vegetation cover positively affected woodland bird richness at sites in pasture and scattered 
trees    
 
 65% of woodland species documented in the study region were recorded in agricultural mosaics 
 46% of these species were recorded only in mosaics with >20% cover of intact native vegetation 
 
 Most woodland bird species occurred at greater incidence in mosaics with greater cover of wooded 
vegetation 
 Countryside elements provided supplementary habitat, at the landscape-scale, for select species of 
woodland bird 
Implications 
for bird 
conservation 
Summarise the findings of all chapters in relation 
to their implications for the conservation of birds in 
agricultural landscapes 
 Conservation efforts in agricultural landscapes will not conserve all species 
 Most bird species depend on native vegetation for their continued persistence in agricultural 
landscapes 
 Some species benefit from the resources provided by countryside elements 
 Conservation goals must be carefully defined because birds respond differently to landscape 
properties and countryside elements 
Implications 
for land 
management 
Summarise the findings of all chapters in relation 
to their implications for the management of 
agricultural landscapes for conservation objectives 
 
 
 
Identify a set of recommendations to enhance the 
success of conservation efforts on the Gippsland 
Plains 
 Individual landholders have real potential to influence the conservation value of their own property, 
and the broader landscape 
 Involvement of landholders will be critical for successful conservation efforts 
 In many circumstances, an increased recognition of countryside elements will enhance the success 
of conservation management 
 
 See Section 6.5.1  Management recommendations to enhance the bird fauna of farm properties on 
the Gippsland Plains 
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6.2  The influence of landscape properties in agricultural environments 
 
There is growing empirical evidence of the important relationship between landscape 
properties and the occurrence of fauna in agricultural environments (Bennett et al. 
2006).  Many studies have identified that the overall extent of habitat in the landscape 
has the strongest effect on inhabitant species (Bennett and Ford 1997, Trzcinski et al. 
1999, Radford et al. 2005).  Nevertheless, other studies have reported that measures 
of landscape configuration (Villard et al. 1999) and heterogeneity (Atauri and de Lucio 
2001) can exert equal influences on fauna.  Often, faunal responses to landscape 
properties vary on the basis of taxonomic group, or the characteristics of individual 
species (Radford and Bennett 2007, Billeter et al. 2008).  
 
In the current study, the structural properties of entire agricultural mosaics were found 
to influence the occurrence of birds in these mosaics.  The relationship between 
landscape properties and birds was manifested in a number of ways.  Here, structural 
properties of mosaics affected:  
 the richness of bird species in mosaics (Chapter 2); 
 the composition of bird assemblages in mosaics (Chapter 3);  
 the incidence of individual species in mosaics (Chapter 5); and, 
 the richness of bird species at sites in different types of landscape element in 
mosaics (Chapter 4). 
The value of taking a whole-of-landscape approach when examining the occurrence of 
fauna in agricultural environments is evident from the number and variety of these 
responses.   
 
6.2.1  Native vegetation in agricultural landscapes 
Results showed that the extent of habitat in the landscape had the strongest effect on 
the occurrence of all birds in agricultural study mosaics.  Here, native vegetation 
provided the measure of habitat extent to which birds responded most strongly.  
Woodland birds exhibited a particularly close relationship with this landscape property: 
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these species were richer in mosaics with a greater cover of native vegetation 
(Chapter 2).  In fact, of the woodland species recorded in this study (n = 56), almost 
half were not recorded in mosaics that had less than 20% cover of native vegetation 
(Chapter 5).  Further, a strong positive association between woodland birds and native 
vegetation cover was observed at the level of individual species.  The frequency of 
occurrence of individual species of woodland bird increased with the cover of native 
vegetation in mosaics (Chapter 5).  Native vegetation also influenced the richness of 
woodland species in other types of landscape element in mosaics (Chapter 4).  For 
example, more woodland species were recorded, on average, at sample points in 
scattered trees and pasture as the overall cover of native vegetation in mosaics 
increased. 
   
The positive relationship between native vegetation cover and species richness was 
also observed when all species (cf. only woodland birds) were included in analyses.  
For example, native vegetation had an important contextual effect on total species 
richness, such that more species were recorded in agricultural mosaics with a greater 
cover of native vegetation in the surrounding landscape (Chapter 2).  In addition, 
gradients in the cover of wooded vegetation were the dominant influence on the 
composition of entire bird assemblages in mosaics (Chapter 3).  Modification to the 
cover of wooded vegetation in agricultural landscapes caused systematic changes to 
the composition of inhabitant bird assemblages.  Of particular influence were 
landscape-scale gradients defined by the loss of wooded vegetation, and the 
replacement of native vegetation with exotic species.  
 
The importance of native vegetation at the patch scale to birds in agricultural 
landscapes was also identified in this study.  More species overall (all species and 
woodland species) were recorded at sites in native vegetation than in any other type 
of element (Chapter 4).  Further, native vegetation supported the highest cumulative 
species richness of any element.  
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6.2.2  The influence of landscape heterogeneity and configuration 
Mosaic heterogeneity also exerted a strong influence on the occurrence of birds in 
study mosaics (Chapter 2).  More bird species were recorded in mosaics that 
contained a greater number of different types of landscape element.  The important 
contribution of even small patches of different elements, to overall landscape 
heterogeneity, was emphasised by the fact that the measure of the size-distribution of 
patches did not affect species richness in mosaics.  This is discussed further below 
(see Section 6.3) but it is important to acknowledge here that heterogeneity is a key 
landscape property in terms of maintaining rich bird assemblages in agricultural 
environments.   
 
None of the different approaches used in this study to examine the relationship 
between landscape structure and bird occurrence identified a particularly strong 
influence of spatial configuration.  At the scale of this investigation, the composition of 
elements in the landscape had stronger influence on birds than did their spatial 
arrangement.  This is not to suggest that habitat fragmentation (as opposed to habitat 
loss: see Fahrig 1997) has not affected birds in this study region, rather that the 
effects of this process are not strongly observed at this relatively small scale.  
Furthermore, a stronger effect of spatial configuration might be expected if only one 
type of landscape element contributed to measures of this landscape property, rather 
than all elements as in this study (Chapter 2). 
 
6.2.3  Bird species exhibited different responses to landscape properties 
Measures of the extent of habitat cover in the mosaic had a strong effect on other 
types of birds also, not just those primarily associated with native vegetation.  For 
example, open-tolerant and open-country birds also responded to element cover 
variables, but showed a closer relationship with pasture and scattered trees than they 
did with native vegetation (Chapter 2).  This indicates that species respond differently 
to measures of landscape pattern.  
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Variation was also observed in the response of different species to the landscape 
modification gradients that influenced bird assemblage patterns (Chapter 3).  Here, 
this variation was linked to avian life-history traits.  Species with different nesting 
requirements were disproportionately influenced by the loss of wooded vegetation 
from agricultural mosaics.  Open-nesting species (e.g. Grey Fantail Rhipidura 
fuliginosa, Eastern Spinebill Acanthorhynchus tenuirostris), for example, were 
proportionately more common in mosaics with a greater cover of wooded vegetation 
while species nesting in tree hollows (e.g. Eastern Rosella Platycercus eximius) or on 
the ground (e.g. Richard’s Pipit Anthus novaeseelandiae) were more common in 
mosaics with a greater cover of scattered trees and pasture.  In contrast, the gradient 
representing the replacement of native vegetation with exotic species had a stronger 
effect on the occurrence of species belonging to different feeding guilds.  As 
indigenous vegetation was converted to exotic vegetation types, nectarivores (e.g. 
honeyeaters) and insectivores (e.g. thornbills, robins) were replaced by granivores 
(e.g. rosellas, cockatoos) in the bird assemblages of agricultural mosaics.  These 
associations between different avian life-history traits, and landscape modification 
gradients, suggest that the response of different species is closely tied to the 
availability of particular resources in the landscape.   
 
Finally, the results of Chapter 5 show that individual species of woodland bird 
responded differently to measures of wooded vegetation cover in mosaics.  While all 
but one species (Tree Martin Hirundo nigricans, see Section 6.3.1) showed a positive 
relationship with wooded vegetation cover, species differed in terms of the particular 
measure with which they were most closely associated.  For example, Striated 
Thornbill Acanthiza lineata responded most strongly to the cover of intact native 
vegetation in mosaics, Grey Shrike-thrush Colluricincla harmonica to the cover of 
wooded vegetation that included plantation, and Weebill Smicrornis brevirostris to the 
measure that incorporated scattered trees.   
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6.3  Countryside elements in agricultural landscapes 
 
Many studies have identified the potential value of countryside elements, such as 
hedgerows, plantations and crops, and scattered trees in farm paddocks, to fauna in 
agricultural landscapes.  Countryside elements provide conservation benefits for 
species that primarily live and breed within them, such as farmland birds in the UK 
(Fuller et al. 1997, Gregory and Baillie 1998), as well as those that depend primarily 
on intact habitats, such as forest-dependent birds in central America (Petit and Petit 
2003, Sekercioglu et al. 2007).  The value of these modified landscape elements has 
variously been attributed to their potential to: a) provide supplementary resources 
(Luck and Daily 2003), b) enhance landscape connectivity (Fischer and Lindenmayer 
2002b) and, c) increase the heterogeneity of resources in the landscape (Harvey et al. 
2006). 
 
Sampling birds in the countryside elements of agricultural mosaics, as well as in 
native vegetation, allowed greater scope for examining their potential value to birds.  
In doing so, results indicated that countryside elements provide a range of benefits for 
birds in agricultural landscapes.  Critically, countryside elements were found to 
contribute to the structural properties of entire landscapes.  For example, they were an 
important component of mosaic heterogeneity: the landscape property that had a 
strong, positive effect on the total number of species in mosaics (Chapter 2).  
Additional insights into the mechanisms behind this relationship were gained in 
Chapter 4.  Here, the composition of bird assemblages differed between landscape 
elements.  This suggests that, as well as adding to the richness of elements in 
agricultural landscapes and so providing more niches for individual species, 
countryside elements each contain distinct bird assemblages. 
 
Countryside elements also shaped the landscape-scale gradients of agricultural 
modification that influenced bird assemblages in mosaics (Chapter 3).  Moreover, the 
fact that scattered trees and plantation were each aligned with native vegetation on 
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these gradients suggests they may moderate the effect of landscape change on bird 
assemblages.  Further evidence of the potential for countryside elements to reduce 
the negative effects of landscape modification on birds is found in Chapter 5.  Here, 
these same elements (scattered trees and plantation) provided supplementary habitat 
for some individual species of woodland bird in mosaics. 
 
6.3.1 Countryside elements in Australian agricultural landscapes 
Pasture was of little value to most birds, especially woodland species, in agricultural 
mosaics in this study.  In the study area, pasture sites were heavily grazed by stock 
and commonly composed of introduced species, rather than comprising native 
grasses and herbs as in some other regions (e.g. southern Queensland: Martin and 
McIntyre 2007).  Nevertheless, this countryside element was important for open-
country birds: these species were richer in mosaics with a greater cover of pasture 
(Chapter 2).  Species such as Australian Magpie Gymnorhina tibicen, Eastern Rosella 
Platycercus eximius, Welcome Swallow Hirundo neoxena and Jacky Winter Microeca 
leucophaea were characteristic of pasture (Chapter 4).  As the Jacky Winter is 
regarded as a woodland species, this association is most likely related to its ability to 
obtain food resources in farm paddocks located nearby to patches of native 
vegetation.  Similarly, this is the likely explanation for the frequent occurrence of Tree 
Martins in pasture: this woodland species forages for flying insects over farmland 
(Chapter 5). 
 
Plantations provided benefits for species at two levels.  As discussed, this countryside 
element supplemented the landscape-scale cover of habitat for some birds in 
agricultural mosaics (Chapter 3, Chapter 5).  Secondly, the findings of Chapter 4 
highlight the potential value of plantation at the patch scale, particularly for woodland 
birds.  Bird assemblages at survey sites in plantation showed greatest similarity to 
those recorded in native vegetation (Chapter 4).  In addition, woodland birds (e.g. 
Grey Shrike-thrush and Brown Thornbill Acanthiza pusilla) comprised the majority of 
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species characteristic of plantation (Chapter 4).  These particular species were also 
amongst those showing a close relationship with the measure of wooded vegetation 
cover in mosaics that included plantation (Chapter 5).  The regular use of plantations 
by a small suite of woodland birds, commonly those that forage in understorey strata, 
suggests that the value of this element for these birds is related to the dense 
vegetation structure it provides (Chapter 5).  For other species, it is more likely that 
the value of plantation is related to its capacity to facilitate movements, or provide 
refuge habitat, for birds in agricultural environments (Chapter 3).      
  
Scattered trees also provided valuable habitat for many species in this study.  This 
was particularly true for open-tolerant and open-country birds, for which species 
richness was greater in mosaics with more scattered trees (Chapter 2).  More species 
(all species and woodland species), overall, were recorded in scattered trees than in 
any other type of element except native vegetation (Chapter 4).  Associations between 
scattered trees and species with different nesting requirements, and belonging to 
different feeding guilds, on the gradients of landscape modification suggest this 
countryside element provides a range of different resources for birds in agricultural 
environments (Chapter 3).  For example, insectivores and nectarivores occurred more 
frequently in mosaics with a greater cover of scattered trees and native vegetation, 
while hollow-nesting birds were more common in mosaics with more scattered trees 
and pasture. 
 
Linear strips of vegetation often comprise the most intact and natural habitats in 
agricultural landscapes other than patches of native vegetation.  Despite the relatively 
low number of sample points in this element, the results of this study confirm the value 
of linear vegetation to birds in agricultural mosaics.  For example, species 
accumulation curves showed that linear vegetation contained relatively rich bird 
assemblages (all species and woodland species) (Chapter 4).  Further, more species, 
on average, were recorded at sample points in linear vegetation than were recorded in 
native vegetation (Chapter 4).  Bird assemblages in linear vegetation were similar to 
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those of native vegetation and characteristic species of this element included 
woodland species such as Crimson Rosella Platycercus elegans, Grey Fantail, Grey 
Shrike-thrush and Red Wattlebird Anthochaera carunculata (Chapter 4).  
 
Collectively, these findings indicate that the value of countryside elements was 
influenced by their structural complexity.  There was considerable overlap, for 
example, in the composition of bird assemblages recorded at sample points in native 
vegetation, linear vegetation and plantation, while there was little similarity between 
bird assemblages in native vegetation and pasture (Chapter 4).  Further, mean 
species richness (all species and woodland species) at sample points in pasture was 
markedly lower than in native vegetation (Chapter 4).  Measures of species richness 
at sample points in linear vegetation, plantation and scattered trees fell midway 
between the values recorded in native vegetation and pasture. 
 
 
6.4  Implications for the conservation of birds in agricultural landscapes 
 
First, it is important to acknowledge that conservation efforts in agricultural landscapes 
will not successfully conserve all bird species.  This is highlighted by the fact that just 
over one-third of the regional pool of woodland species was not represented in the 
agricultural mosaics sampled here.  Even though these species were relatively 
uncommon in the region (Radford and Bennett 2005, Chapter 5) this illustrates that, 
no matter how effective, conservation management in agricultural environments will 
not be appropriate for all species.  Similar findings prompted Barrett et al. (1994) to 
suggest that conservation efforts in Australian agricultural landscapes will be most 
effective if they target species that are tolerant of intermediate levels of disturbance.  
A conservation strategy that primarily targets woodland birds with a low tolerance of 
agricultural land-use would necessarily give emphasis to large tracts of high-quality 
remnant vegetation. In such circumstances, smaller, more disturbed patches and 
strips of vegetation are likely to receive less priority, despite being valuable for a 
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number of more-tolerant woodland species (Leach and Recher 1993, Fischer and 
Lindenmayer 2002c).  As a result, these patches may be inadequately protected 
against further degradation.  Thus, management plans developed specifically for 
woodland species at greatest risk of decline in agricultural landscapes may, in fact, 
result in the decline of a larger number of more common species (McIntyre et al. 1992, 
Barrett et al. 1994).   
 
Results of this study show that the species that will benefit from conservation efforts in 
agricultural landscapes (i.e. most of those recorded here) are influenced by both the 
structural properties of entire mosaics, and by the constituent element types within the 
landscape.  Conservation management must consider the component elements of 
these environments as well as their broader pattern of composition across the whole 
landscape.  Thus, conservation management will be most effective when taking a 
multi-scaled approach.  While this may sound overly complicated, many strategies will 
have benefits at multiple spatial scales.  For example, a focus on protecting and 
supplementing native vegetation at the patch scale will also have benefits at the 
landscape scale, where the extent of native vegetation cover is a key influence on rich 
bird assemblages.   
 
The differing responses of bird species to landscape properties and countryside 
elements has important implications for conservation in farmland environments.  
Conservation goals must be carefully defined because species will be affected in 
different ways by management strategies.  This is relevant to many regions across 
Australia where land-use and management practices are changing the composition of 
agricultural landscapes.  For example, common types of landscape change include 
increases to the extent of plantation estates (Lindenmayer and Hobbs 2004, Loyn et 
al. 2007) and gradual, yet widespread, losses of scattered trees in farmland (Reid and 
Landsberg 2000, Vesk and Mac Nally 2006).  These kinds of changes will influence 
the types of species, and therefore the overall bird assemblages, able to persist in 
agricultural regions.  There will be associated implications for ecosystem function and, 
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consequently, agricultural sustainability (Daily 1997, Foley et al. 2005).  Natural 
processes involving birds, such as plant pollination and insect predation, are likely to 
be altered as scattered trees are lost from farm environments (Chapter 3): both these 
processes also influence agricultural productivity.     
 
The frequent occurrence of many species in at least one, sometimes more, 
countryside elements holds promise for conservation efforts in agricultural areas.  
Species that can use the resources provided by countryside elements are more likely 
to tolerate further landscape change associated with agricultural development 
(Diamond et al. 1987, Laurance 1991, Gascon et al. 1999).  It is important to 
recognise, however, that most of the species recorded at high frequency in 
countryside elements in this study are widespread and common in southern Australia.  
For example, species regularly recorded in plantation included White-browed 
Scrubwren Sericornis frontalis, Golden Whistler Pachycephala pectoralis, Grey 
Shrike-thrush and Brown Thornbill, while Red Wattlebird, Crimson Rosella, Eastern 
Rosella and Weebill were commonly observed in scattered trees.  These, and other 
species that regularly use countryside elements, are the ones that will derive most 
benefit from conservation strategies that focus on enhancing the value of these 
modified elements for fauna.     
 
There are several issues to consider when discussing the value of countryside 
elements to nature conservation.  First, while countryside elements were of some 
value to many bird species in the study region, the role of these modified elements in 
sustaining viable populations of these species is unknown.  Further, results suggest 
that countryside elements are a source of supplementary habitat in which birds may 
forage and shelter, but the degree to which they provide suitable breeding habitat is 
unknown.  The association between hollow-nesting birds, and mosaics with a greater 
cover of scattered trees (and pasture: Chapter 3), suggests this element may provide 
nesting opportunities for some birds, but the success of breeding attempts in scattered 
trees must be also considered.   
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Second, other factors influence the value of countryside elements for birds.  The 
overall cover of native vegetation in the mosaic exerted a positive influence on the 
richness of woodland species at survey sites in pasture and scattered trees (Chapter 
4).  Thus, woodland species are more likely to use the supplementary resources 
provided by countryside elements in landscapes that have a high cover of the element 
on which they primarily depend (see Dunning et al. 1992).  Other studies have 
reported similar findings (e.g. Luck and Daily 2003, Sekercioglu et al. 2007): 
collectively, they emphasise the importance of natural habitats in facilitating the use of 
the modified elements in agricultural landscapes. 
 
Third, the potential value of countryside elements is influenced by the occurrence of 
other species in these elements.  For example, the Noisy Miner Manorina 
melanocephala, a common species in linear vegetation and scattered trees in this 
study area, aggressively excludes other small, insectivorous woodland birds (Grey et 
al. 1997, 1998).  Last, the potential value of different countryside elements is 
influenced by features of the element itself.  The value of tree plantations for birds, for 
example, is enhanced by retaining patches of native vegetation (e.g. riparian strips, 
small pockets of native canopy species) within the plantation estate (see Lindenmayer 
and Hobbs 2004).  Therefore, while countryside elements have considerable potential 
to enhance conservation efforts in agricultural landscapes, active management will be 
required to ensure their value for fauna is maximised.   
 
Irrespective of the potential contribution of countryside elements to conservation 
efforts, native vegetation is critical to the ongoing persistence of birds in agricultural 
landscapes.  This is especially true for woodland birds, the species of greatest 
conservation concern in agricultural regions in Australia (Ford et al. 2001).  Woodland 
species were both richer, and more abundant, in landscapes with an increased cover 
of native vegetation. 
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6.5  Implications for land management in agricultural landscapes 
 
Greater attention to the structural properties of agricultural landscapes, and their 
component countryside elements, will enhance the contribution of farmland 
environments to nature conservation in Australia.  Two properties of whole landscapes 
had a particularly strong influence on avifaunal assemblages: the extent of native 
vegetation cover, and the heterogeneity of element types.  Thus, conservation 
management, at the landscape scale, should concentrate on these properties.  
Likewise, a focus on two key roles performed by countryside elements will provide 
most opportunity to enhance their value for fauna: their contribution to the 
heterogeneity, and the structural complexity, of agricultural landscapes.  It is in this 
latter role that countryside elements have the capacity to enhance connectivity in 
farmland environments.  Most importantly, all these considerations are directly 
amenable to land management on farm properties.   
 
The relatively small scale of this study has critical implications for conservation 
management in agricultural landscapes.  It shows that even small elements in farm 
mosaics contribute to the structural properties of the entire landscape.  In fact, small 
patches of different types of element, such as residual grasslands or individual trees in 
paddocks, often provide benefits for fauna that are disproportionate to their extent in 
the landscape (Berg 2002, Sekercioglu et al. 2007).  This emphasises the importance 
of even small-scale actions in influencing the conservation value of agricultural 
environments.   
 
This has positive ramifications for the potential of individual landholders to enhance 
the conservation value of their farms.  Conversely, it also means that the loss of even 
small patches of native vegetation from farm properties will diminish their contribution 
to broader conservation efforts.  Further, such management actions will have 
repercussions beyond the local area in which they are undertaken.  For example, 
adding trees to cleared paddocks will increase the resources available at the local 
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scale (e.g. nectar, insects, perching sites, nest hollows) but will also have wider 
benefits such as increasing the connectivity of the broader landscape (Graham and 
Blake 2001, Fischer and Lindenmayer 2002b).  It is also important to recognise that 
the addition or removal of elements such as paddock trees will be compounded by the 
temporal lag that exists in replacing the resources they provide (Vesk and Mac Nally 
2006).  The length of time between planting new vegetation and its ability to provide 
resources for fauna varies for different resources.  For example, dense canopy 
vegetation can develop within around ten years but it will be at least 50 years before 
planted eucalypts provide substantial floral resources for fauna, and over a century 
before tree hollows and large boughs become available in revegetation plots (Vesk et 
al. 2008).  This emphasises the importance of protecting existing trees in farm 
paddocks as well as ensuring, through the ongoing recruitment of new trees, that the 
resources they provide fauna in farmland environments will be replaced in the future. 
 
The success of conservation efforts in agricultural landscapes relies heavily on the co-
operation and involvement of property owners and private land managers (Bennett 
1995); and so it is essential that conservation management in farmland regions is 
sympathetic to production considerations and objectives.  If not, the detrimental 
repercussions will be two-fold.  First, management recommendations that impede 
production outcomes are unlikely, without financial incentive, to be widely adopted by 
landholders.  Second, landholders may feel alienated from conservation efforts by 
unrealistic recommendations that cannot be achieved on their property (Barrett et al. 
1994).  An approach that recognises the potential value of countryside elements will 
foster a greater understanding of the important role of individual landholders in 
conservation efforts.  This is because traditional strategies imply that conservation 
depends primarily on large patches of native vegetation, rather than possibly being 
better achieved by incorporating all parts of farm properties.  While this is gaining 
greater acknowledgement in the scientific literature (Barrett et al. 1994, Saunders 
1994, Daily et al. 2001, Fischer et al. 2005, Harvey et al. 2006, Vandermeer and 
Perfecto 2007) it is vital that the strong influence of individual management decisions 
140 
Chapter 6 - Synthesis 
be clearly communicated to private land managers as their actions will shape the 
composition of agricultural landscapes in the future (Barrett 2000, Harvey et al. 2006). 
Factors that influence the value of countryside elements for birds (discussed above) 
also influence the extent to which these modified elements can realistically contribute 
to conservation goals.  Native vegetation is essential to the success of conservation 
efforts in agricultural environments: countryside elements are not a replacement for 
native vegetation.  However, in situations where there is limited opportunity to 
reinstate adequate cover of native vegetation, careful management of countryside 
elements will provide additional benefits for fauna.  The value of such an approach will 
be greatest in farmland areas with existing cover of native vegetation (Chapter 4 and 
5).  Nevertheless, conservation strategies incorporating an increased focus on 
countryside elements are likely to be of particular interest in heavily cleared 
landscapes, where large-scale restoration of native vegetation will be difficult.  There 
is a need for further research to better understand how different combinations of 
wooded vegetation might contribute most effectively to restoration.  Land sparing (i.e. 
devoting some areas to intensive agriculture and focussing more strongly on 
conservation objectives in others) has also been discussed as an alternative approach 
to nature conservation in agricultural regions (Green et al. 2005, Dormann et al. 
2007).  However for greatest success, conservation efforts will likely involve a mixture 
of approaches.  
  
6.5.1  Management recommendations to enhance the bird fauna of farm properties on 
the Gippsland Plains 
The following management recommendations are made in light of the considerations 
outlined above.  
 
1. Native vegetation in agricultural landscapes 
Native vegetation must form the cornerstone of conservation efforts in agricultural 
landscapes.  Native vegetation also provides a range of benefits for production 
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objectives (Hobbs 1993, Daily 1997).  For example, native vegetation is central to 
maintaining a range of ecosystem services (e.g. nutrient cycling, hydrological 
processes) that ensure long-term agricultural sustainability, and has more direct 
values such as providing shelter for stock.  Therefore, retaining existing patches and 
strips of native vegetation in agricultural environments must be the priority of all 
management strategies. 
 
Where retaining native vegetation is not financially viable for farm enterprises, 
schemes such as BushTender can provide incentives for protecting remnant patches 
of vegetation on farms.  Areas of woody vegetation (including revegetation and 
plantation) also have the potential to earn additional financial returns as carbon sinks 
(Harper et al. 2007).  In fact, the role of woody vegetation in sequestering carbon may 
be an important driver of future landscape change in farmland environments.  The 
potential for market incentives to initiate broad-scale landscape change is highlighted 
by the rapid and widespread expansion of plantation estates in some regions (e.g. 
south-west Victoria: Ierodiaconou et al. 2005).  
 
As well as protecting existing native vegetation, increasing the overall amount of 
native vegetation on farm properties is important in heavily cleared areas.  Many 
studies have identified that large patches and wide strips of revegetation will provide 
greatest benefit for fauna (see Munro et al. 2007).  Smaller revegetation plots are 
more likely to be composed of ‘edge’ habitat, and contain edge-associated species 
such as Noisy Miners, and so will be unsuitable for many woodland species (Bennett 
et al. 2000).  However, careful management can enhance the value of small 
revegetation patches (e.g. planting understorey plants and/or a diverse range of 
species: Hastings and Beattie 2006, Munro et al. 2007).  Further, such plots increase 
the heterogeneity of the broader landscape even if they are unsuitable habitat for 
resident bird populations.  Again, incentive schemes can provide financial support for 
revegetation efforts.  When revegetation of large areas is unfeasible, smaller plots 
such as shelterbelts along paddock boundaries provide an alternative that will have 
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relatively little impact on the area of land managed for production, yet benefit both 
conservation and production objectives.     
 
Countryside elements provide additional opportunities to enhance the overall cover of 
wooded vegetation in agricultural landscapes.  Scattered trees provide valuable 
resources for birds and a range of other taxa (Law et al. 2000, Lumsden and Bennett 
2005, Oliver et al. 2006), and add structure to otherwise cleared paddocks.  Scattered 
trees also provide benefits for production objectives through their provision of shelter 
for stock and their role in maintaining healthy soil structure (Reid and Landsberg 2000, 
Gibbons and Boak 2002).  Furthermore, adding plantation plots to farm properties has 
the potential to produce financial returns as well as increasing the tree cover, and 
heterogeneity, of the landscape.  Greatest value will derive from establishing 
plantations on cleared pastoral land (Loyn et al. 2007) and a range of 
recommendations exist for enhancing the conservation value of this countryside 
element (see Lindenmayer and Hobbs 2004). 
 
2. Landscape heterogeneity in agricultural environments 
In addition to enhancing the cover of native and wooded vegetation in agricultural 
environments, conservation efforts will benefit from greater attention to the 
heterogeneity of farm landscapes.  The value of heterogeneity in maintaining rich 
biotic assemblages is widely acknowledged in European farmland environments 
(Atauri and de Lucio 2001, Devictor and Jiguet 2007, Herzon and O'Hara 2007).  In 
Australia, there has generally been less recognition of the potential value of 
countryside heterogeneity (but see Ford and Barrett 1995, Fischer et al. 2005, 2006).  
However, results here suggest that management actively seeking to enhance 
farmland heterogeneity will benefit conservation efforts in agricultural environments.  
Such an approach will require a shift in the perception of many conservationists to 
include a more specific acknowledgement of the role of countryside elements.  The 
caveats discussed above, about the value of countryside elements, also apply when 
considering their contribution to landscape heterogeneity.   
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Enhancing the heterogeneity of agricultural landscapes can be achieved in two ways.  
First and foremost, by limiting the process of homogenisation that is common to many 
agricultural environments around the world (Benton et al. 2003).  For example, leaving 
dead trees or fallen limbs under paddock trees in place, rather than ‘tidying up’, will 
increase the heterogeneity of both resources, and structural elements, in farm 
properties.  Protecting native vegetation on road and rail reserves will achieve the 
same result, as will maintaining vegetation along streams and around farm dams.  
None of these actions, however, will significantly reduce the output of production 
activities. 
 
Second, the heterogeneity of agricultural landscapes can be actively enhanced by 
adding patches of different types of elements.  Results here suggest this need not 
involve large-scale alterations to landscape composition.  Even small patches of 
different elements, such as shelterbelts, farm dams and groups of trees, will increase 
the heterogeneity of these environments.  Some of these actions will also result in an 
increased cover of native and/or wooded vegetation in agricultural landscapes.                
 
 
6.6  Conservation prospects in Australian agricultural landscapes 
 
This study confirms the valuable contribution that agricultural landscapes make to 
avifaunal conservation in Australia.  While not all species will be protected through 
conservation efforts in these modified environments, many can persist, including 
species of woodland birds, those at greatest risk of decline in these landscapes (Ford 
et al. 2001).  Native vegetation is pivotal to the success of conservation efforts in 
agricultural landscapes: its protection and sympathetic management is of highest 
priority.  However, results here emphasise that, with careful management, countryside 
elements can also play an important and valuable role.  Benefits of an approach that 
incorporates more active management of the countryside include a greater integration 
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of land management for nature conservation and production outcomes.  Furthermore, 
and of equal importance, is the increased involvement of individual landholders in 
conservation efforts.  This study has shown that, by targeting key properties of 
farmland mosaics, productive farm enterprises can make very real contributions to the 
success of broader conservation goals.  This is a critical finding of this thesis, in terms 
of its positive implications for conservation prospects in agricultural landscapes in 
Australia. 
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Agricultural landscapes are mosaics of different land uses. Their vast extent throughout
the world means that they have a key role in the conservation of biodiversity. To provide
a sound basis for management, it is important to recognise the emergent properties of land
mosaics and understand how they influence components of biodiversity. In most studies in
agricultural landscapes, inference is restricted to single sites or patches because this is the
unit used for sampling and analysis. For mosaic-level inference, sampling must encompass
multiple land uses and elements within a mosaic, be aggregated to represent the ‘whole’
mosaic, and be replicated across multiple mosaics. This paper reviews studies in which
land mosaics are the unit of replication, to identify the influence on biota of three catego-
ries of emergent properties of mosaic structure: the extent of habitat, composition of the
mosaic and spatial configuration of elements. The extent of habitat is usually a dominant
influence on the occurrence of single species or the richness of assemblages defined by
habitat type (e.g., forest birds). The composition of the mosaic, based on the proportions
of elements present, strongly influences the species composition of faunal assemblages.
Heterogeneity or diversity of elements is often positively correlated with the richness of
taxonomic assemblages. In studies that separate the independent effects of emergent
properties, spatial configuration generally exerts less influence on biota than extent or
composition. A fourth property, the geographic position or environmental variation among land
mosaics, also significantly affects the status of the fauna in many studies. Temporal persis-
tence of species and turnover in assemblages in agricultural landscapes are also influenced
by the structure of the land mosaic, but there are few long-term data sets that allow com-
parison of temporal changes with mosaic properties. There is great scope for further inves-
tigation of the properties of mosaics and the mechanisms by which they affect the
conservation of biodiversity. This includes studies of responses from a wider range of biota
(in addition to birds), investigation of spatial scale effects on faunal responses, temporal
responses of the fauna to change in mosaic structure (and potential time-lags in response),
and the effects of variation in mosaic structure on population demography and ecological
processes.
 2006 Elsevier Ltd. All rights reserved.er Ltd. All rights reserved.
fax: +61 3 92517626.
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The preservation and restoration of biodiversity in agricultural
landscapes is a pressing conservation issue for the 21st cen-
tury. Land committed to the production of food, fibre and
other resources for human society occupies a substantial pro-
portion of the terrestrial environment throughout the world,
and forecasts of global land-use suggest this will increase
(Houghton, 1994; Tilman et al., 2001). National parks, conser-
vation reserves and other tracts of natural vegetation are crit-
ical for conserving the world’s biota, but on their own will not
safeguard all species. The future of many species of indige-
nous plants and animals is closely tied to land use in hu-
man-dominated landscapes: their long-term persistence will
depend on a capacity to survivewithin the ‘countryside’ occu-
pied and managed by humans (Daily et al., 2001; So¨derstro¨m
et al., 2003; Bhagwat et al., 2005; Fischer et al., 2005).
Agricultural landscapes aremosaics of different land-uses.
Typically, land-uses such as cereal cropping, horticulture, tree
plantations, or grazing pastures are interspersed with human
settlements, roads, wetlands and streams. Patches and strips
of natural or semi-natural vegetation characteristically occur
in the form of small woods or forest patches, trees scattered
amongst pasture, native grassland used for pasture, and
wooded vegetation along streams, roads and field boundaries
(Agger and Brandt, 1988; Bennett, 1990; Luck and Daily, 2003).
Such landmosaics offer an array of habitats for plant and ani-
mal species. Some species may be restricted to natural or
semi-natural elements in the land mosaic while others read-
ily use the anthropogenic elements such as crops, tree planta-
tions or urban habitats (Renjifo, 2001; Daily et al., 2003; Eilu
et al., 2003).
The agricultural land mosaic is dynamic, and changes oc-
cur at a number of temporal scales. Seasonal cycles of cultiva-
tion, crop growth and harvest, flowering and fruiting of trees,
and flooding or drying of wetlands, for example, result in a
changing spatial pattern of resources. Other changes occur
over a longer time-scale, such as the rotation of crops and fal-
low, growth of tree plantations, introduction of new crops and
products, and disturbance from fire and flood (Forman, 1995;
Vesk and Mac Nally, 2006). The changes of greatest concern to
conservation managers are those that affect the capacity of
the land mosaic to support indigenous plants and animals,
and maintain ecological processes. These include determinis-
tic changes such as the incremental loss and fragmentation
of natural vegetation, simplification and degradation of habi-
tats, the spread of exotic plants and animals, increasing use
of chemical pesticides and fertilisers, and expansion of hu-
man settlements and road systems (Chamberlain et al.,
2000; Ford et al., 2001; Burel et al., 2004; Schroth et al., 2004).
Cultural changes in agricultural landscapes are also impor-
tant. In some regions, such as western Europe, a substantial
component of the biota depends on early successional habi-
tats associated with cultural practices developed over centu-
ries (Sutherland, 2004). Changes to farms and management
practices over recent decades, such as increased mechaniza-
tion and loss of labour-intensive practices, removal of field
margins, changes in crop cultivars and the timing of planting
and, in some regions, land abandonment, affect the availabil-
ity of cultural and other specialised habitats at the farm level(Fuller et al., 1995; Farina, 1997; Pinto-Correia and Mascare-
nhas, 1999; Pykala, 2000; Burel et al., 2004).
The challenge for conservationmanagers is to create a land
mosaic that will deliver effective outcomes for nature conser-
vation while also meeting goals for agricultural production.
This is both a conceptual and practical challenge, of immedi-
ate relevance to farmers and other private land managers,
government agencies and conservation groups around the
world. Further, the rate at which change is occurring in many
agricultural regions, ultimately driven by global economic
pressures and increasing human population (Tilman et al.,
2001), means there is an urgency to act before future options
for landscape management are foreclosed. An important step
in meeting this challenge is to understand how the properties
of land mosaics determine the persistence of biota and main-
tenance of ecological processes. This review has three main
objectives: (i) to differentiate patch-level inference from mo-
saic-level inference in landscape ecology; (ii) to highlight the
importance of mosaic-level inference for effective conserva-
tion management and to describe study designs to achieve
this; and (iii) to review studies of the biota of agricultural land
mosaics to identify the influence of the emergent properties of
mosaics on native wildlife and ecological processes.
2. Land mosaics and wildlife conservation
In recent decades many insights have been gained by studies
of the distribution and abundance of faunal groups in differ-
ent types of elements in agricultural landscapes. Most atten-
tion has been given to natural or semi-natural elements such
as small patches of forest or woodland (McCollin, 1993; Smith
et al., 1996), and linear features such as hedgerows, streams
and roadside vegetation (Bennett, 1991; Hinsley and Bellamy,
2000; Martin et al., 2006). These studies have identified attri-
butes of landscape elements such as their size, shape, width,
vegetation type and management practices, that influence
the status of species, the richness and composition of faunal
assemblages, and population processes and interspecific
interactions (Bellamy et al., 1996; Major et al., 1999; Mac Nally
et al., 2000a; van der Ree, 2002). Fewer studies have examined
the extent to which species use anthropogenic elements such
as pastures, arable land, orchards, tree plantations and ponds
and dams (Laan and Verboom, 1990; So¨derstro¨m and Pa¨rt,
2000; Arnold, 2003).
A key understanding to emerge from many of these stud-
ies is the importance of landscape context. The occurrence of
a species, or the richness and composition of assemblages,
depends not only on the characteristics of the site at which
they were sampled, but also on its context in the land mosaic.
For example, aspects of the surrounding landscape reported
to influence the occurrence of species in forested patches in-
clude the proportions of different land uses (McCollin, 1993;
Bennett et al., 2004), the amount of nearby habitat (Jansson
and Angelstam, 1999; Virgo´s, 2001), and measures of isolation
such as the distance to the closest conspecific population
(Radford and Bennett, 2004) or the occurrence of connecting
habitats (Bright et al., 1994).
However, this large body of research is based primarily on
studies in which the biota has been sampled at the ‘site’ or
‘patch’ level. That is, the unit of study is a particular site or
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row, or a wetland. Such studies do not allow mosaic-level
inference for two main reasons: first, the response variable
is measured only for the particular patch, rather than for
the entire mosaic or aggregated from multiple elements
across the mosaic; and second, faunal responses are related
to patch and landscape-context attributes, not to properties
of the whole mosaic. For mosaic-level inference, both the re-
sponse and predictor variables must characterise the mosaic
as a single entity. The central thesis of this review is that the
knowledge base for managing agricultural (and other) land-
scapes will be significantly enhanced by a better understand-
ing of the properties of ‘whole’ land mosaics and how they
influence species, assemblages and ecological processes.
A greater focus on understanding land mosaics is war-
ranted for at least three reasons. First, the conservation of
many species requires simultaneousmanagement of multiple
landscape elements. For some species, persistence in the face
of demographic or environmental variation requires multiple
populations distributed among suitable habitats and the
capacity for movement between them (Opdam, 1991). Other
species must move among different types of landscape ele-
ments to obtain resources on a daily or seasonal basis, or at
different stages of their life-history (Law and Dickman,
1998). Further, adjacent land-uses may influence the suitabil-
ity of patches as habitat by modifying vegetation composition
and condition, introducing new predators or competitors, or
mediating functional connectivity (Saunders et al., 1991).
Second, a greater appreciation of landmosaicswill advance
the conceptual understanding that underpins conservation
strategies. A legacy of the theory of island biogeography has
been an ‘island-mainland’ paradigm for terrestrial landscapes
inwhich landscapes areperceived in a binarymanner, as being
composed of suitable habitat or non-habitat (Wiens, 1994).
This is not realistic for many species: rather, they perceive
the landscape as a mosaic with a multiplicity of patch types
and habitat quality, and their abundance varies in different
parts of the mosaic accordingly (Wiens, 1995; McIntyre and
Hobbs, 1999; Fischer et al., 2004). Greater understanding willTable 1 – Examples of the properties of individual patches, the
properties of ‘whole’ land mosaics, that may affect the status
Individual patches Landscape context
Size
Shape
Patch type
Core area
Condition
Disturbance history
Successional age
Internal heterogeneity
Adjacent land-use
Percentage of habitat in surround
Structural connectivity
Isolation (distance from)
• nearest neighbour
• conspecific population
• similar patch type
• threatening processbe achieved by recognising the compositional and structural
heterogeneity inherent within landscapes, and that different
taxa respond to this in different ways and at different spatial
and temporal scales.
A third reason to focus on land mosaics is that they have
properties that differ from those of individual patches (Table
1). These emergent properties of mosaics are a product of
the number, extent, type and spatial arrangement of the ele-
ments within a particular landscape, yet they are more than
merely the sum of the collective parts (Forman, 1995; Wiens,
1995). Emergent properties cannot be quantified for individual
patches; they relate only to mosaics of different land uses. If
the goal is to manage and manipulate rural landscapes to en-
hance nature conservation, it is important to understand how
these properties influence the status of species, assemblages
and ecological processes. Further consideration is given be-
low to current knowledge of the emergent properties of land
mosaics.
3. Studying land mosaics
The capacity to make inferences about how properties of
mosaics influence the conservation values of mosaics depends
on the way in which biota are sampled (Fig. 1). A frequent ap-
proach has been to sample species or assemblages at a site, or
in a patch of habitat, and then to test the influence of vari-
ables that represent landscape structure within a defined area
surrounding that sampling unit (Fig. 1a) (Pearson, 1993; Drolet
et al., 1999; Rosenberg et al., 1999; Virgo´s, 2001; Lee et al.,
2002). This has been described as a ‘focal-patch’ study (Bren-
nan et al., 2002) or ‘patch-landscape approach’ (McGarigal and
Cushman, 2002). Although landscape structure is considered,
the response variable (e.g., presence/absence of a species,
species richness) is measured at a single site or patch, limit-
ing inference to the influence of landscape structure on the
biota at the patch scale. However, such studies do not give in-
sight into biota of the land mosaic per se; rather, they provide
an understanding of the contextual effect of the surrounding
landmosaic on the biota recorded at a particular site or patch.landscape context of individual patches, and emergent
of biota
Land mosaic
ing landscape
Extent of suitable habitat
Composition
• compositional gradients
• diversity/evenness
• number of patch types
Configuration
• aggregation
• number of patches (subdivision)
• structural connectivity
• symmetry
Geographic position
Environmental variation
• range in elevation
Fig. 1 – Comparison of sampling approaches to study the effects of mosaic properties on biota. (a) Patch-level sampling with
the biota sampled in a single patch. The attributes of the surrounding mosaic may be measured as context for the patch.
(b) Mosaic-level sampling with multiple sample points in a single type of patch. (c) Mosaic-level sampling with sample points
in multiple types of patches.
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fauna so that the response variable represents the whole
mosaic. This is necessary to evaluate the status of a species
(or other measures of conservation value) in the mosaic (not
just a patch), and allow inference about how mosaic proper-
ties influence the biota of the mosaic. In Fig. 1b, multiple sam-
ple points are located within a single vegetation type or land
use in the mosaic. Data from these sample points may be
aggregated to represent the landscape-level response of the
fauna to the mosaic. This type of approach has been used,
for example, to study the relationship between forest-depen-
dent birds and the pattern of forest habitat at the landscape
level (Villard et al., 1999; Radford et al., 2005). The approach
shown in Fig. 1c involves locating sample points in different
vegetation types or land uses within a mosaic and, again,
pooling or averaging the data to represent the mosaic as the
unit of study. Here, there is not a particular patch type of
interest a priori; rather, sampling encompasses the heteroge-
neity in the mosaic. This approach can be used to investigate
the relative influence on the fauna of landscape heterogeneity
or gradients in composition (Pino et al., 2000; Atauri and de
Lucio, 2001). Importantly, both approaches must be replicated
across spatially independent mosaics.
4. Empirical studies of land mosaics
Studies that present empirical data on the response of one or
more faunal groups to land mosaics were reviewed from the
literature (Table 2). The criteria for inclusion were:
• the unit of study was a landmosaic, rather than a single site
or patch;
• sampling involved multiple points, or occurred across mul-
tiple elements in the mosaic;
• the study involved >4 landscapes, such that authors were
able to make quantitative comparison among multiple land
mosaics;
• response variables (animal species or groups) and predictor
variables (land mosaic properties) both represent land-
scape-level measures;
• agricultural land use was prominent.There are relatively few such studies in the literature. Note
that because the focus of this review is on agricultural envi-
ronments, studies in forested landscapes were not included
(McGarigal and McComb, 1995; Edenius and Elmberg, 1996;
Jokimaki and Huhta, 1996; Hargis et al., 1999; Gjerde et al.,
2005), nor those based on experimental model systems (Col-
lins and Barrett, 1997; Collinge and Forman, 1998; Parker
and Mac Nally, 2002; With et al., 2002).
Many studies (Table 2) are based on data collected during
Atlas projects in which ‘landscapes’ are represented by grid
squares (Sparks et al., 1995; Bennett and Ford, 1997; Trzcinski
et al., 1999; Atauri and de Lucio, 2001); or are from programs
that involve volunteer observers (Boulinier et al., 1998, 2001;
Chamberlain et al., 1999). Some studies involve systematic
surveys of a broad area that is retrospectively divided into
‘landscapes’ (Villard et al., 1999; Heikkinen et al., 2004; Luoto
et al., 2004). There are few studies based on deliberate selec-
tion of independent landscapes for systematic sampling and
analysis (Andre´n, 1992; Milla´n de la Pen˜a et al., 2003; Radford
et al., 2005; Ernoult et al., 2006).
A range of response variables has been examined in these
studies (Table 2) including: the presence or relative abun-
dance of individual species (Villard et al., 1999; Smith et al.,
2001); the richness or abundance of taxonomic groups (Atauri
and de Lucio, 2001; Heikkinen et al., 2004) or of groups defined
by habitat use (Bailey et al., 2002); species turnover and
extinction (Boulinier et al., 2001); and ecological processes
such as parasitism (Menalled et al., 1999) and nest predation
(Andre´n, 1992). Birds are the taxonomic group most fre-
quently studied at the landscape scale in these studies, fol-
lowed by butterflies and beetles, with less attention to
amphibians, reptiles and mammals (Table 2). Studies identi-
fied in the literature were from Europe, North America and
Australia (Table 2).
5. Properties of land mosaics
Three categories of emergent properties of mosaic structure
that may influence fauna are recognised in this review (Table
2): (i) the total extent of habitat; (ii) the composition of the
mosaic; and (iii) the spatial configuration of elements in the
Table 2 – Studies of faunal species and assemblages in agricultural land mosaics for which response and predictor variables are both measured at the mosaic level
Authors Country Taxa Size of
mosaic
(km2)
Number of
mosaics
Response variables Extent Composition Configuration Geographic/
environment
Data from specific studies (not Atlas data sets)
Andre´n (1992) Sweden Birds (corvids) 4.0 22 Abundance of three species of corvid + + 0
Nest predation rate +
Villard et al. (1999) Canada Birds 6.25 33 Presence/absence of 15 species of forest
birds
+ +
Menalled et al. (1999) USA Invertebrates >10 6 Parasitism rate 0 +
Smith et al. (2001) UK Birds 1.0 36 Density – meadow pipits Anthus pratensis + + 0 0
Density – red grouse Lagopus lagopus 0 0 0 +
Species richness – all birds + + 0
Milla´n de la Pen˜a et al. (2003) France Carabid beetles 1.0 11 Abundance of beetles + +
Community structure + +
Weibull et al. (2000, 2003) Germany Invertebrates 0.7–6.6 16 Species richness – butterflies + 0 0
Species richness – carabid beetles + 0 +
Community composition – butterflies +
Heikkinen et al. (2004) Finland Birds 0.25 105 Abundance – all birds + 0
Abundance – agricultural birds + + +
Luoto et al. (2004) Finland Birds 0.25 105 Species richness – all birds + + +
Radford et al. (2005) Australia Birds 100 24 Species richness – woodland birds + 0 + +
Ernoult et al. (2006) France Birds 1.0 20 All birds – species richness + +
All birds – intramosaic heterogeneity 0 +
Hedge birds – species richness + + +
Hedge birds – intramosaic heterogeneity 0 + 0
Data from Atlases or community observer schemes
Sparks et al. (1995) UK Butterflies 4.0 92 Species richness + + +
Presence/absence of 21 species + + +
Bennett and Ford (1997) Australia Birds 277 63 Species richness – woodland birds + + 0 0
Species richness – other bird species 0 0 +
Bo¨hning-Gaese (1997) Germany Birds 4.0 306 Species richness – all birds + +
Fuller et al. (1997) UK Birds 0.5 40–50 Densities of 12 species of birds + + 0 +
Total density all birds + 0 0
Avifaunal composition + + +
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Table 2 – (continued)
Authors Country Taxa Size of
mosaic
(km2)
Number of
mosaics
Response variables Extent Composition Configuration Geographic/
environment
Boulinier et al. (1998) USA Birds 1200 155 Area-sensitive – species richness (+)a (+)a +
Area-sensitive – temporal variability in
richness
(+) (+) 0
Non-area sensitive – species richness (+) (+) 0
Non-area sensitive – temporal variability
in richness
(0) 0 0
Chamberlain et al. (1999) UK Birds 1.0 608 Density of skylarks Alauda arvensis + +
Trzcinski et al. (1999) Canada Birds 100 94 Presence/absence of 31 forest breeding
species
+ +
Gates and Donald (2000) UK Birds 100 2641 Presence/absence of six species of
farmland birds
+
Pino et al. (2000) Spain Birds 1.0 460 Species richness (breeding birds) – all
species
+ +
Species richness (breeding birds) – forest
species
+ + +
Species richness (breeding birds) –
cropland species
+ + +
Atauri and de Lucio (2001) Spain Birds, amphibians,
reptiles, butterflies
100 106 Species richness – birds + 0 0
Species richness – amphibians + 0 0
Species richness – reptiles + 0 0
Species richness – butterflies + + 0
Boulinier et al. (2001) USA Birds 1200 122 Area-sensitive – species richness (+)a (+)a +
Area-sensitive – extinction rate (+) (+) +
Non-area-sensitive – species richness (+) (+) +
Non-area-sensitive – extinction rate (0) (0) +
Bailey et al. (2002) UK Birds, mammals 100 n/a Presence/absence of – marsh tit Parus
palustris, nuthatch Sitta europea
+ +
Presence/absence of – dormouse
Muscardinius avellanarius
+ +
Olff and Ritchie (2002) Netherlands Birds, butterflies 81 36 Species richness – heathland birds + +
Species richness – heathland butterflies + 0
Symbols indicate that variables representing a mosaic property: + have significant influence (positive or negative); 0 do not have significant influence. Blank indicates that no variable representing
that mosaic property was measured. Extent – the proportion or amount of habitat for a species, or assemblage defined by habitat type. Composition – the richness or diversity of elements,
proportions of different elements or multivariate gradients in elements. Configuration – measures of the spatial arrangement of elements, including numbers, mean size or edge length of elements,
aggregation, connectivity. Geographic/environment – measures of geographic location or environmental variation (elevation, rainfall).
a – Boulinier et al. (1998, 2001) used mean size of forest patch as a predictor variable. This measure was highly correlated with both the total forest area (i.e., extent) and number of patches (i.e.,
configuration).
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Fig. 2 – The number of forest-dependent species of birds for
which logistic models of species’ occurrence in landscapes
included the independent effects of habitat extent, habitat
configuration, or both extent and configuration. Data were
derived from: (a) Villard et al. (1999) (2 year models, n = 15
species modelled) and (b) Trzcinski et al. (1999) (n = 31
species modelled).
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a landscape, although not necessarily an emergent measure,
is a fourth property also considered (Table 2). Several con-
straints arise in summarising and assessing the relative
importance of these landscapes properties. First, different
authors have examined different aspects of land mosaics
and used different measures to describe them. Second, there
is often a high level of intercorrelation between variables
describing landscape structure (Hargis et al., 1998; Turner
et al., 2001) but few studies have attempted to identify the
independent effects of variables representing different mo-
saic properties (Fahrig, 2003). Third, the scale of land mosaics
varies considerably (from 0.25 to 1200 km2), even among stud-
ies of similar faunal groups.
In the following sections, the influence on biota of habitat
extent, landscape composition and spatial configuration are
each discussed using a common framework. The particular
mosaic property is first described, including ways in which
it can be measured. Then, the ecological mechanisms by
which species may be influenced by this property are out-
lined. Third, the results from empirical studies in land mosa-
ics (Table 2) are reviewed and synthesised.
5.1. Extent of habitat
The total extent of habitat in a land mosaic is the sum of the
spatial area of all patches that potentially provide habitat for
a particular taxon, regardless of their size, shape or location
in the mosaic. However, vegetation types that serve as habitat
for one species may not be suitable for others. Consequently,
measures of habitat extent are specific to a particular species
or a group of species that share similar habitat. For bird spe-
cies restricted to forests, for example, the total area (or pro-
portion) of forest vegetation is a landscape-level measure of
habitat extent. In the studies summarised in Table 2, variables
that represent the proportional cover of a vegetation type or
land-use are treated as a measure of habitat extent when
the response variable is a species that uses that particular
habitat, or a group of species defined in relation to habitat
type (e.g., cropland birds). When the response variable is not
habitat-specific, such as total species richness of a taxonomic
group, land cover or vegetation type variables are regarded as
an aspect of landscape composition because they represent
the mix of landscape elements present.
The extent of habitat influences a species primarily by its
effect on population size. As the extent of habitat decreases,
overall population size will decrease. As populations become
smaller they become more vulnerable to decline or local
extinction from chance events. Consequently, the probability
of occurrence of a species in a land mosaic will decrease as
the extent of suitable habitat decreases, until eventually the
population will disappear when none of its habitat remains.
In landscapes with a greater extent of habitat, more species
are likely to occur in populations of sufficient size for persis-
tence, and hence species richness can be expected to be
higher.
Empirical studies (Table 2) have identified extent of habitat
as being a major driver of the occurrence and abundance of
species and the richness and composition of (habitat-defined)
assemblages. The occurrence of individual species of forestbirds, for example, is consistently positively related to the ex-
tent of forest habitat in the landscape (Fig. 2) (Trzcinski et al.,
1999; Villard et al., 1999; Bailey et al., 2002). A similar trend oc-
curs for the species richness of heathland (Olff and Ritchie,
2002) and forest bird assemblages (Bennett and Ford, 1997;
Boulinier et al., 1998, 2001; Pino et al., 2000; Radford et al.,
2005): as the overall extent of habitat in agricultural land-
scapes decreases, the number of forest, woodland or heath-
land bird species also decreases. Radford et al. (2005) for
example, examined the relative influence of the extent of
wooded habitat and other landscape attributes on species
richness of woodland birds in 100 km2 agricultural mosaics
in Victoria, Australia. Tree cover was the predominant influ-
ence, accounting for 55% of the variance in species richness
among landscapes, five times more than any other mosaic
attribute considered.
Different species favour different types of vegetation and
so they show responses to extent of habitat for different veg-
etation types (Andre´n, 1992; Fuller et al., 1997; Pino et al.,
2000). For example, in a rural region near Barcelona, Spain,
the species richness of cropland birds was significantly corre-
lated with extent of cropland cover in 1 km2 land mosaics,
whereas the richness of forest birds was negatively associated
with this measure (and hence positively correlatedwith forest
cover) (Pino et al., 2000). However, when the species richness
of an entire taxonomic group (e.g., all birds, all butterflies, all
reptiles) in a land mosaic is examined, the extent of a single
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and de Lucio, 2001; Smith et al., 2001; Luoto et al., 2004).
Only one example was evident for which extent of habitat
was not a significant influence on the status of a species. The
density of red grouse (Lagopus lagopus) on managed grouse
moors in Britain was not related to the cover of heather
(Calluna sp.) in 1 km2 mosaics (Smith et al., 2001). A regional
difference in density between moors in Scotland and England
was the only significant factor, possibly due to differences in
management practices and levels of predator control (Smith
et al., 2001).
The importance of habitat extent for species means that
there are likely to be flow-on effects for ecological processes
in which these species are involved. In southern Sweden,
the predation rate of artificial birds’ nests increased as the
proportion of agricultural land in the landscape increased
(Andre´n, 1992). This result was attributed to the effect of for-
est cover on the relative abundance of predatory corvid spe-
cies; with decreasing forest cover and increased agricultural
land, there was an increase in the abundance of the hooded
crow (Corvus corone), a primary nest predator. In southern
Australia, the incidence of the mistletoebird (Dicaeum hirundi-
naceum), the main vector for dispersing seeds of tree-parasitic
mistletoes (Amyema spp.), declines as the extent of wooded
habitat in the landscape decreases. Consequently, host-vec-
tor-parasite dynamics are disrupted in agricultural land
mosaics with less tree cover, culminating in a lower incidence
of mistletoes (L. MacRaild, pers. commun.).
5.2. Composition of the land mosaic
Composition of a land mosaic refers to the types of different
elements present and their relative proportions. These ele-
ments may be classified based on land-use categories such
as grassland, arable crops, wetlands, forest, human settle-
ments (Fuller et al., 1997); or in relation to vegetation charac-
teristics, defined floristically (e.g., dominant canopy tree
species) or structurally (e.g., vertical height profile). Land-
scape composition can be quantified in several ways. First,
the number (or richness) of different types of elements in
the mosaic is a simple measure of compositional heterogene-
ity. Second, an index of the diversity of elements based on the
proportional extent of each type provides a more complex
measure of heterogeneity (Pino et al., 2000). Third, multivari-
ate ordination of the proportion of different landscape ele-
ments can be undertaken, with each landscape represented
by its position along the ordination gradients (Milla´n de la
Pen˜a et al., 2003; Bennett et al., 2004).
Landscape composition affects the distribution of animals
in several ways. Variation in topography, soil types and mois-
ture availability influence the occurrence of natural vegeta-
tion communities, which in turn determines habitat
availability for animal species. Anthropogenic elements, such
as cultivated land, hedges, plantations and dams add further
to the array of resources in rural landscapes (Farina, 1997;
Pino et al., 2000). As the diversity of landscape elements in-
creases, the b-diversity (between-habitat diversity) of animal
species generally also increases (Tews et al., 2004).
Landscape composition may also influence species by the
particular combinations of elements present. Many speciesmove among different types of landscape elements to obtain
resources for breeding, foraging or other activities (Law and
Dickman, 1998). Different parts of the mosaic may be used
simultaneously, such as by birds moving between nesting
and foraging habitat on a daily basis (Saunders, 1990);
sequentially, by species that ‘track’ resources through time
(Powell and Bjork, 1995); or at different stages in a life cycle.
For example, leopard frogs (Rana pipiens) in farmland in Ontar-
io, Canada, require three distinct habitats (Pope et al., 2000); a
breeding pond at which adults congregate in spring, grassy
meadows or fields for foraging during summer, and a stream
or lake for the over-winter period.
Specialised habitats may be required by particular species,
or may enhance species richness compared with landscapes
where such elements are lacking. Tews et al. (2004) used the
term ‘keystone structures’ to refer to landscape elements that
provide resources crucial to many species and whose pres-
ence enhances local species diversity (e.g., temporary wet-
lands in fields, solitary trees scattered through grassland).
Specialised habitats associated with topographic features
(e.g., gullies, ridges) or cultural practices (e.g., ditches, ‘old-
fields’) may also be important in agricultural landscapes.
Streamside vegetation often has a positive effect on native
fauna disproportionate to its limited extent (Knopf and Sam-
son, 1994; Mac Nally et al., 2000b).
Empirical studies in agricultural mosaics (Table 2) have
identified landscape composition as an important influence
on fauna, particularly when the response variable is the rich-
ness of a whole taxonomic assemblage. For example, Atauri
and de Lucio (2001) found that landscape heterogeneity was
the most influential factor for the richness of birds, amphibi-
ans, reptiles and butterflies in 100 km2 mosaics near Madrid,
Spain. Diversity of landscape elements, as measured by the
Shannon–Wiener index, was reported to be the strongest
determinant of total species richness of birds in land mosaics
in Germany (Bo¨hning-Gaese, 1997), Finland (Luoto et al., 2004)
and Spain (Pino et al., 2000). In the latter study, Pino et al.
(2000) argued that rural areas are particularly important for
conservation because their combination of natural, semi-nat-
ural and urban habitats provides high landscape diversity. In
Germany, Weibull et al. (2000, 2003) found that farm-level het-
erogeneity, as measured by the Shannon–Wiener diversity in-
dex, was the best predictor of the richness of butterflies and
carabid beetles in farmmosaics. Luoto et al. (2004) recognised
the importance of river valleys and associated topographic
variation as a specialised feature enhancing landscape diver-
sity for birds in rural areas in Finland.
These studies are consistent with the concept that habitat
heterogeneity enhances faunal diversity and that each type of
habitat, including anthropogenic habitats, contributes to the
range of resources available to the fauna. However, two cau-
tionary notes are relevant. First, species richness gives equal
weight to each species, common or rare, generalist or special-
ist, alike. An increase in species richness may not necessarily
be consistent with desired conservation outcomes, especially
if generalist species replace specialised or rare species in
modified but heterogeneous mosaics. Second, the influence
of mosaic diversity or heterogeneity also depends on the com-
position of the elements that contribute to that diversity.
Chamberlain et al. (1999) found that the density of the skylark
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sity for a large sample of 1 km2 mosaics throughout Britain,
but was negatively associated with diversity for intensively
studied farm mosaics in lowland England. They attributed
this discrepancy to differences in the types of elements that
contributed to the diversity of farm landscapes in these two
geographic data sets.
5.3. Spatial configuration
Considerable ambiguity surrounds the concepts of ‘fragmen-
tation’ and ‘configuration’. Fragmentation is the ‘breaking
apart of formerly contiguous habitat’ (sensu Fahrig, 2003).
Configuration describes the spatial arrangement of elements
in a land mosaic arising from natural heterogeneity and
anthropogenic causes, one of which may be habitat fragmen-
tation. Fragmentation is a process; configuration describes
pattern. Widespread concern about the impacts of habitat
fragmentation, coupled with the development of geographic
information systems and associated software (e.g., FRAG-
STATS, McGarigal et al., 2002), have greatly advanced mea-
surement of spatial configuration. Numerous metrics have
been proposed (Hargis et al., 1998; Turner et al., 2001) and typ-
ically these measures display a high level of intercorrelation.
The following four aspects of configuration describe much of
the variation observed in land mosaics. Importantly, these are
emergent properties of the mosaic, compelling researchers to
consider the mosaic as a single entity, not a collection of inde-
pendent patches.
Subdivision refers to the number of patches of a particular
element. As subdivision increases (more patches for a fixed
habitat extent) there are three related consequences: smaller
patches, a reduced mean distance between patches and in-
creased amount of edge. Thus, other indices such as the
amount of patch edge, mean patch size and degree of patch
isolation are inter-correlated expressions of the total extent
of habitat and the degree of subdivision (Hargis et al., 1998;
Bender et al., 2003; Fahrig, 2003). Aggregation refers to the de-
gree of clumping of a particular landscape element. It may be
dispersed across many small patches or aggregated such that
most occurs in one or several large patches. The proportion of
the element in the single largest patch (or x largest patches),
or indices that capture variability in patch size, adequately
represent aggregation and often are more transparent for
land managers than more complex indices such as fractal
dimension or contagion (Milne, 1991; Turner et al., 2001).
Structural connectivity refers to the physical continuity of
landscape elements or habitats for a species. For a fixed ex-
tent of habitat and level of subdivision, structural connectiv-
ity is determined by patch shape: elongated patches and
networks of linear elements (e.g., vegetation along roads,
streams, or field boundaries) increase structural connectivity
in the landscape. An associated concept, functional connec-
tivity, refers to the response of individuals and species to
the structural connectivity, and is influenced by factors such
as the species’ mobility, habitat specificity and behaviour
(Bennett, 1999; Tischendorf and Fahrig, 2000). Symmetry refers
to the skew in distribution of an element in the mosaic. A par-
ticular element may occur consistently throughout the mo-
saic (i.e., symmetrical) or be concentrated in one part of themosaic (i.e., asymmetrical). Asymmetry may occur when
landscape change is directional, such as progressive clearing
of natural vegetation along a river valley, or away from a re-
gional centre.
Animals are affected by spatial configuration of elements
in several ways. First, in subdivided mosaics, formerly contin-
uous populations may be separated by barriers to movement
that disrupt population dynamics and increase the risk of
local extinctions. Second, species may be limited by the size
of habitat patches. In subdivided and disaggregated mosaics,
individual patches may be too small for species to occupy,
particularly for species with large area requirements or re-
stricted to ‘interior’ habitat (Hargis et al., 1999). Aggregation
of habitat can be expected to advantage such species. Third,
the level of structural connectivity of a mosaic will influence
the distribution and persistence of species. The main benefit
of enhanced connectivity is increased movement of individu-
als, thus facilitating access to widespread resources, greater
interchange between subpopulations and reduced risk of
population decline or local extinction. A fourth way in which
spatial configuration affects faunal populations is through
variation in the amount of ‘edge’ in the mosaic. Some species
benefit from increased edge habitat (Ferris-Kaan, 1995), while
for others processes associated with edges have detrimental
consequences. The latter include changes in physical regimes
(light, temperature, humidity) as well as biotic interactions
with competitors and predators (Laurance and Vasconcelos,
2004).
Empirical studies in agricultural mosaics (Table 2) have re-
ported significant effects of spatial configuration on the
occurrence or incidence of species, and on the richness and
composition of assemblages. However, the spatial configura-
tion of habitat is significantly correlated with habitat extent
in most landscapes (Fahrig, 2003). Untangling the relative ef-
fects of these components is important because it has practi-
cal relevance for identifying priority areas for conservation
and the efficient allocation of resources for landscape restora-
tion. Evidence from the few studies that have identified the
independent effects of extent and configuration demonstrate
that in most cases habitat extent has greater impact on the
occurrence or incidence of species in mosaics than does spa-
tial configuration alone (Fig. 2) (Trzcinski et al., 1999; Villard
et al., 1999). For example, Trzcinski et al. (1999) report that for-
est cover was significant for 25 of 31 species of forest-breeding
birds in land mosaics in Ontario, Canada, whereas spatial
configuration significantly affected only six species and had
a greater effect than forest cover for one species only. Re-
sponses to habitat configuration vary and are species-specific,
even for species in the same assemblage. Villard et al. (1999),
for example, reported both positive and negative associations
with the amount of forest edge (i.e., a function of subdivision)
for forest birds in agricultural mosaics in Ontario, Canada.
Spatial configuration has been linked with species rich-
ness in several studies. Measures of spatial configuration
were significant predictors of the species richness of assem-
blages of woodland birds in agricultural mosaics in Victoria,
Australia, but the influence of configuration was much less
than that of habitat extent (Radford et al., 2005). Notably,
there was a trend for an interaction between aggregation
and extent of tree cover: in landscapes with low extent
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gated but as habitat extent increased, the effect of habitat
aggregation dissipated. Species richness of birds in heathland
in Dutch landscapes was lower as habitats became disaggre-
gated (Olff and Ritchie, 2002); while the richness of bird spe-
cies on moors managed for red grouse in Britain tended to
be greater on those that had lower fine-scale patchiness of
habitats (Smith et al., 2001).
The richness of butterflies in rural mosaics in Spain was
positively associated with the density of patches (Atauri and
de Lucio, 2001); and in Englandwith amount of tilled edge hab-
itat (Sparks et al., 1995). Conversely, in other studies butterfly
richness was not significantly influenced by the measures of
spatial configuration employed, including the shapes of arable
fields (Weibull et al., 2003) or a measure of the fractal dimen-
sion of heathland habitat (Olff and Ritchie, 2002).
5.4. Geographic position and environmental variation
In the real world, it is never possible to control all sources of
variation other than those deliberately chosen as part of a
study design. This is particularly true for investigations in
which land mosaics ranging up to 100 km2 or more in size
are the unit of study. Environmental variation occurs across
the geographic extent of the region in which study landscapes
are located. Gradients in rainfall, temperature, elevation,
topography or landform underpin the biogeographic distribu-
tion of species (Bellamy et al., 1998; Pino et al., 2000) and fre-
quently are important predictors of faunal responses in land
mosaics (Table 2).
The number of empirical studies (Table 2) for which some
measure of environmental or geographic variation was a sig-
nificant factor (e.g., Bennett and Ford, 1997; Bo¨hning-Gaese,
1997; Fuller et al., 1997), strongly suggests that such varia-
tion should be considered routinely when comparing land
mosaics or when translating research outcomes to new
areas. For example, the location of agricultural mosaics
across a 300 km east-west gradient was a significant influ-
ence on bird species richness in southern Australia (Radford
et al., 2005). Similarly, significant geographic differences
were detected in some responses of bird assemblages be-
tween landscapes across three states in the USA (Boulinier
et al., 1998, 2001). In Britain, the density of red grouse on
managed moors did not differ consistently in relation to mo-
saic attributes but differed significantly between geographic
regions (Smith et al., 2001). However, in the same study,
the density of meadow pipits (Anthus pratensis) and richness
of all bird species on the moors did not differ between re-
gions (Smith et al., 2001).
Variation in elevation between land mosaics was found to
be a significant predictor of the richness of birds in study
areas in Germany (Bo¨hning-Gaese, 1997) and Australia (Ben-
nett and Ford, 1997), and the composition of bird assemblages
in Britain (Fuller et al., 1997); but was not a significant predic-
tor of the richness of birds, butterflies, amphibians or reptiles
in mosaics in a study area in Spain (Atauri and de Lucio, 2001).
There may also be differences in the environmental variation
within landscapes. For example, topographic variation within
small mosaics in Finland (Luoto et al., 2004) was a significant
influence on species richness of birds.6. Temporal change in agricultural landscapes
All landscapes are dynamic, but change is particularly evident
in agricultural landscapes because human land-use involves
deliberate manipulation of landscape elements (such as culti-
vated land, pasture, tree plantations, water sources) to en-
hance agricultural productivity. Several kinds of change are
evident. Cyclic patterns of landscape change are associated
with seasonal climatic variation and the processes of agricul-
tural production (e.g., cultivation, planting, growth, harvest
and fallow stages of crop production). Long-term trajectories
of change are a consequence of changes in land use, such
as increasing human settlements, expansion of road net-
works, clearing of forests and intensification of production
(Bennett, 1990; Houghton, 1994; Petit and Burel, 1998).
The fauna of agricultural mosaics also change through
time. There are seasonal patterns of migratory species arriv-
ing and departing, the abundance of resident species fluctu-
ates in response to climate and reproductive cycles, and
some species show differential use of habitats through the
year (e.g., breeding and non-breeding seasons) (Pino et al.,
2000). Long-term changes in faunal abundance and composi-
tion occur in response to changes within mosaics, as well as
to processes across broader scales such as climatic variation
(e.g., drought) and the types and intensity of regional land-
use (Yates and Hobbs, 1997; Chamberlain and Fuller, 2001;
Benton et al., 2003).
To investigate long-term change in faunal assemblages in
response to the trajectory of change in an agricultural mosaic
requires a series of inventories of both landscape structure
and faunal occurrence over time for the same mosaic. Few
such data sets exist, although regional or country-wide pat-
terns linking quantitative changes in agricultural practice
with changes in the fauna have been described (Chamberlain
et al., 2000; Robinson and Sutherland, 2002). Rather, at the
landscape-level, inference about the consequences of change
in mosaics generally is made by studies that involve space-
for-time substitution. A ‘snapshot’ inventory of the fauna at
a single time is used to compare land mosaics that are at dif-
ferent stages along a trajectory of change, such as loss of hab-
itat (Trzcinski et al., 1999; Radford et al., 2005).
Several studies (Boulinier et al., 1998, 2001; Gates and
Donald, 2000) have analysed long-term change in the fauna
of land mosaics in relation to landscape attributes mea-
sured at a single time. Boulinier et al. (1998, 2001) used data
from Breeding Bird Surveys in North America to examine
temporal change in forest birds in relation to landscape
structure at the time of initial survey. There was no evi-
dence of long-term change in richness over a 22-year period
for either area-sensitive forest birds or non-area-sensitive
species. However, year-to-year variability in species richness
of area-sensitive species was significantly greater in land-
scapes with low forest cover and smaller forest patches,
as was the rate of species turnover. In Britain, Gates and
Donald (2000) found that changes over a 20-year period
(1970–1990) in the distribution of six farmland bird species
in 100 km2 rural mosaics could be predicted by the compo-
sition of the land mosaic in 1970. Landscapes in which spe-
cies went extinct were those with less suitable conditions;
such landscapes were more similar to areas where the
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it persisted over the 20-year period.
An important issue for conservation and land-use planning
is the rate at which faunal groups respond to landscape
change, and especially the time lag between land-use changes
andwhen the full consequences for the biota are experienced.
Long-term inventories from conservation reserves have
shown that faunal changemay continue long after a particular
reserve has been reduced to its final size or isolation (Saun-
ders, 1989; Recher and Serventy, 1991). Thus, present land-
scapes may carry an ‘extinction debt’ (Tilman et al., 1994;
Brooks et al., 1999) still to be paid as a result of previous
land-use change. If there is a substantial time-lag in respond-
ing to change, then the present dispersion of biota may corre-
late more closely with historic landscape structure than with
that of the current day (Petit and Burel, 1998). To test this idea,
Ernoult et al. (2006) compared the current distribution of birds
and plants in farmland mosaics along the Seine River flood-
plain in France, with both the present (2000) and historic
(1963, 1985) landscape structure. For some response variables,
such as the within-mosaic heterogeneity of bird community
composition, they interpreted a stronger relationship with
historic landscape structure as evidence that the avifauna
may not be in equilibrium with the current structure.
7. Nature conservation in agricultural
environments
7.1. Implications of mosaic structure for conservation
Land management involves managing land mosaics, whether
at the scale of a farmer working on a single property, or an
organisation preparing a management plan for a catchment
or geographic region. A clear message from this review is that
the properties of land mosaics have a profound influence on
the status of the biota that occurs within them. By under-
standing the manner in which these properties influence
the biota, there is potential for new insights into ways in
which land mosaics can be manipulated to achieve conserva-
tion goals.
Different species, or sets of species, respond to mosaic
structure in different ways, such that manipulation of rural
land mosaics in a particular way will have different outcomes
for different components of the fauna. Consequently, it is
important to identify the conservation goal for a particular
mosaic. For example, current evidence (Table 2) indicates that
increasing the total extent of a particular vegetation type (or
maintaining it by preventing destruction) is likely to be the
most effective action to enhance the status of individual spe-
cies, or a group of species, for which that vegetation type is
favoured habitat. Alternatively, if the goal is to enhance over-
all species richness, then it is likely this can be achieved by
manipulating the heterogeneity of the mosaic (Pino et al.,
2000; Atauri and de Lucio, 2001; Weibull et al., 2003).
From a land management perspective, it is necessary to
plan conservation actions across multiple scales. While the
focus here is on properties of whole land mosaics and the
way they can be manipulated to achieve conservation out-
comes, this must be complemented by management of site-
level attributes that determine local habitat conditions forthe fauna. Resources such as shrub cover, fallen timber, tree
hollows and diverse ground substrates, that provide shelter,
refuge, foraging substrates and breeding sites, are essential
habitat components for species but are poorly represented
by mosaic-level measures.
7.2. Further investigation
There is great scope for further investigation into the status of
biota in relation to the structure of land mosaics, and the
implications of mosaic pattern for ecological processes. This
could be approached by experimental manipulation of mosaic
properties in conjunction with land managers, or by careful
selection of study mosaics stratified in relation to properties
to be tested. A key aspect of such research must be the use
of the ‘whole mosaic’ as the unit for analysis, with biotic re-
sponse variables and landscape structure variables both mea-
sured at that scale to allow mosaic-level inference. Sampling
of the biota in each mosaic may be from a single type of land-
scape element (Fig. 1b) or better still, from diverse landscape
elements (Fig. 1c). Frequently, conservation planning is based
on a binary view of ‘habitat’ and ‘non-habitat’ components,
whereas agricultural landscapes are diverse and their spatial
heterogeneity is an important determinant of some aspects of
biodiversity (Benton et al., 2003). There is also a need to ex-
pand the range of faunal groups studied, as current research
is dominated by ornithological studies (Table 2).
Extent of habitat, landscape composition and spatial con-
figuration are three broad categories of mosaic properties,
each of which can be measured in different ways to represent
different aspects of these properties. Studies in which biotic
responses are examined for only one of these properties
(e.g., mosaic heterogeneity) may result in incomplete under-
standing, particularly as landscape measures often show sub-
stantial intercorrelation. Further, the collinearity between
landscape variables means that greatest progress will be
made when the independent influence of each attribute is
identified (Fahrig, 2003). This can be facilitated by careful
selection of study mosaics to reduce confounding, and the
use of statistical procedures to disentangle correlated vari-
ables (McGarigal and McComb, 1995; Mac Nally, 2000; Heikki-
nen et al., 2004). We are not aware of any published studies to
date that systematically examine the independent influence
of all three categories of mosaic properties (extent, composi-
tion and configuration) on the biota of land mosaics.
Several practical issues arise when land mosaics are used
as the unit of study. The sampling effort needed per sampling
unit is an order of magnitude greater than for site or patch-
based studies because each mosaic requires multiple sample
points, or a greater overall sampling effort, to represent the
heterogeneity present. Consequently, the effective sample
size for field-based studies is small, typically n < 40 mosaics
(Table 2), reducing the power of statistical procedures. The
spatial scale of investigation is a particular challenge for stud-
ies of fauna in land mosaics. Different species perceive the
land mosaic at different scales and, consequently, a study
area suitable for one species may not be optimum as a sam-
pling unit for others, even within the same taxonomic group.
In addition, the same species may show differences in re-
sponse to landscape structure for different grain sizes of
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Development of approaches that allow investigation of spe-
cies’ responses to land mosaics at different scales will be par-
ticularly useful (Bo¨hning-Gaese, 1997; Gering et al., 2003;
Holland et al., 2004).
Finally, as inmanyaspects of landscapeecologyandconser-
vation biology, the depth of understanding onwhich conserva-
tion management is based will be greatly increased by an
advance from documenting pattern to understanding process.
Most of the studies summarised in Table 2 describe relation-
ships with spatial aspects of mosaic structure based on pres-
ence/absence data for species. Further studies that explore
the demographic status of species in contrasting mosaics, the
mechanisms underlying the responses of species to mosaic
structure and the consequences of landscape change for a
range of ecological processes, will offer valuable new insights.
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